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To Thomas Henry Kearney, agricultural and botanical ex-

plorer, creative researcher and authority on cotton culture in

arid regions, and pre-eminent student of the flora of Arizona,
the California Botanical Society dedicates this eleventh volume
of Madrono. His retirement from the Bureau of Plant Industry
after long and eminently useful service in the field of agricul-

tural research has, during the past eight years, given him
opportunity to devote himself to further studies on the flora of

Arizona and to investigate more fully the taxonomy of the
Malvaceae.
A modest and retiring scholar with a keen and friendly

sense of humor, Dr. Kearney commands the affection and
respect of all who have had the good fortune to make his ac-

quaintance. We welcome this opportunity to express to him
our appreciation of his active participation and counsel in the
affairs of the California Botanical Society and we wish him
continued good health and much happiness.
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YOUNGIA AMERICANA, A NEW SPECIES OF
PHYLETIC SIGNIFICANCE

Ernest B. Babcock

A single specimen, collected last year in northwestern Alaska,
is of unusual interest for several reasons. Although the plant is

reminiscent of Crepis nana typica in its tufted habit and dark green,
glabrous foliage, yet its most distinctive features are those of

either Soroseris or Youngia, both of which genera hitherto have
been restricted to Asia in their natural distribution (F. japonica

has been introduced as a weed widely in tropical regions). Since
this plant combines certain characters of two Asiatic genera, it

presents a problem in classification, especially in view of the

absence of mature achenes. Immature achenes, however, are

present, and a critical comparison of the material available with
species of both genera provides a sound basis for classification.

It appears certainly to belong in Section 1, Desiphylum, of the

genus Youngia, near Y. conjunctiva.

Youngia americana sp. nov. Herba perennis valde humilis

viridissima glabra; caulis subterraneus rectus tenuis cataphyllis

triangularibus vestitus basi crassus cavus dense foliosus ; folia

caudicalia 2—7 cm. longa spathulata vel pinnatifida, ea caulina

elongata tenuissima ; caules aerei numerosi 4 cm. longi dense
ramosi; capitula numerosa parva congesta 11-13-flora; involu-

crum cylindricum squamis exterioribus 3—4 linearibus eis interiori-

bus 7 lanceolatis ; corolla 10 mm. longa tubo 4.5 mm. longo glabro

;

antherae 2.5 mm. longae flavae ; rami styli fusci 1.5—2 mm. longi;

achenia (immatura) 2—3 mm. longa 1 1— 1 3-costata costis 5 quam
ceteris latioribus

;
pappus albus 6-7 mm. longus.

Perennial, tufted, ca. 3 cm. high, 12 cm. wide, dark green,
glabrous; caudex ca. 3 cm. long, gradually broadened upward to

1 cm. in width including the leaf bases, hollow, terminating a

slender vertical subterranean stem bearing cataphylls
; longest

caudical leaves, forming a rosette, ca. 7 cm. long, 1.4 cm. wide, the

stout reddish petiole equal to the blade, lanceolate, pinnatifid,

with narrow remote oblong-acute or triangular segments, dark
green on upper face, yellowish on lower face, the margin
retrorsely revolute ; lowest caudical leaves 2 cm. long, spatulate,

with oblanceolate blade 6 mm. long, 2 mm. wide ; cauline leaves

similar to the rosette leaves but reduced, with narrow elongated
apical segment, the longest ca. 4 cm. long, the others 1-2 cm. long,

filamentous; flower stems numerous, ca. 4 cm. long including the

heads, reddish toward the base, paniculately closely branched,
bearing ca. 6 heads on short slender peduncles ; heads small, num-
erous, congested, 1 1-13-flowered ; involucre cylindric, ca. 9 cm.
long, 3.5 cm. wide at middle; outer bracts 3 or 4, narrow, terete,

Madrono, Vol. 10, No. 8, pp. vi, 225-256. November 10, 1950.
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arcuate, 34~~% as long as the inner ones ; inner bracts 7, slightly

coalesced at the base, in two ranks, outer ones 1.3 mm. wide, with
a low thickened median protuberance near the apex, inner ones
2—2.5 mm. wide, broadly scarious-margined, shortly white-ciliate

at the apex, glabrous on inner face; corolla 10 mm. long, the tube
4.5 mm. long, glabrous; ligule 2 mm. wide, the teeth 0.5—1 mm.
long, prominently crested, dark brown in sic; anther tube yellow,

2.5 mm. long, 1 mm. wide when opened out, the appendages 0.5

mm. long, linear, acute or acuminate, the filaments 1 mm. longer;
pollen grains echinolophate, ca. 32 jx in diameter, the spines ca.

3 fx and similar to Y. conjunctiva; style branches dark brown, 1.5-2

mm. long, 0.1 mm. wide, the barbs not as prominent as in Y. con-

junctiva; achenes (immature) pale tawny, 2—3 mm. long, 0.6—0.8

mm. wide, somewhat obcompressed, fusiform, constricted be-

low the expanded pappus disk, 1 1-13-ribbed, the ribs unequal
with 5 much stronger ones

;
pappus white, tinged yellowish at the

base, 6—7 mm. long, 4-seriate, the setae nearly equal in length, un-
equal in width, the coarsest ones 50—60 /i wide at base, stiff but
pliable, persistent. Flowering July, flowers yellow, anther tube
yellow, stigmas dark brown.

Northwest Alaska, between latitude 68° 30' and 69° 30' N.,

along the Kukpowruk River. June—July, 1949 Robert M. Chapman
132 (U. S. Nat. Herb. no. 1973474). According to Dr. Ira L.

Wiggins {in litt.) Mr. Chapman made his collections almost en-

tirely along the middle portion of the Kukpowruk River during
his field stay in that part of Alaska.

This new species resembles either Youngia or Soroseris more
than Crepis in its hollow caudex, its elongated, filamentous upper
cauline leaves, the revolute margins of the caudical leaves, and
in several features of the involucres, corollas, styles and achenes.
Furthermore, the pollen grains in particular are like those of

Youngia conjunctiva and very different from those of Crepis nana.

The pollen grains of two species of Soroseris and of Crepis sibirica

(a primitive species) and C. tectorum (a more advanced species)

are illustrated in the monograph on Dubyaea and Soroseris (Steb-

bins, 1940, pp. 29—30). The pollen of Y. americana is similar to

that of C. sibirica. Soroseris pollen is orange in color, becoming
greenish blue when stained with cotton blue in lactophenol;

whereas the pollen of Y. conjunctiva, Y. americana and Crepis nana

is yellow and stains a bright, clear blue. The data on diameter of

the grains and length of the spines for pollen of S. Hooheriana

erysimoides, Y. conjunctiva and Y. americana are given in Table 1.

In Crepis nana it was found that the pollen is much smaller than
in the two Youngia species, being only 27 /x in diameter, and that

the grains are devoid of spines, the surface being merely rugose.

Table 1 is a synoptical comparison of eleven morphological

features and one anatomical character of Y. americana with those
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TABLE I . SYNOPTICAL COMPARISON OF Y. AMERICANA WITH SOROSERIS AND YOUNG I

A

SOROSERIS Y. AMERICANA YOUNG I

A

Stem Usually short, thick
and often hollow
above ground, arising
from a long rootstock

Short above ground,
gradually thickened,
hollow, arising from
a rootstock

Cataphylls Present on stem below Present on stem below
rosette leaves rosette leaves

Long, or short in tuft-
ed species, but in the
latter not notably
thickened, borne on a

rootstock

Absent

Rosette Rarely p i nnat i f i d, the Pinnatifid, the margin Usually pinnatif id, the
leaves margin not revolute revolute

Cauline
and
uppermost linear
leaves

Gradually reduced,
uppermost elongated.

Outer
bracts

Inner
bracts

Corollas

Pollen
grains

Style

Achenes

Pappus

Ovary
anatomy

2 (or 3-4), narrowly
linear, shorter than
or exceeding inner

bracts

4-15, lanceolate or

ovate, not crested,
somewhat coalescent
at base

Gradually reduced, the
uppermost elongated,
linear

3, narrowly linear,

i - i as long as inner
ones

7, lanceolate, not
crested but the median
nerve or keel definite-
ly thickened near the
apex, coalesced only at

the base

Ligulate, yellow, 10
mm. long, the tube
nearly i the total
length

Ligulate, yellow or

white, often blackish

at base of ligule, 8-

21 mm. long, the tube

about i the total
length (in one species

1/3)

Subechinolophate or Echinolophate, the

echinate, the spines spines similar to Y.

large. In S. Hookerl- con iunctiva . Grains

ana grains average 40^ average 32.5ji in

in diam., spines 6-8p diam. spines ca. 3-4ja

Blackish or greenish,

stigmatic branches 1-

3.5 mm. long, 0.2-0.3

Brown (in. sic),
branches 1.5-2 mm. long

0.1 mm. wide, the barbs

wide, the barbs on on outer surface simi-

outer surfacenumerous,
close, prominent

Oblong or more atten-
uate toward base, con-

stricted at apex, sli-

ghtly obcompressed,
many-str iate

7-16 mm. long, white,
stramineous, yellow,
gray, dusky or rufes-
cent; the setae very
numerous, coarse,
stiff

Primitive, numerous Advanced, no super-
supernumerary strands numeraries

lar to s_. umbrella but

not quite as prominent
as in I. con junct iva

Immature achenes fusi-
form or oblong, ± ob-
compressed, 10-13 rib-
bed, the ribs unequal
with 5 much stronger
ones

6-7 mm. long, white;
the setae 4-seriate,
resembling Y. con iunc -

tiva

margin often revolute

In tufted species bract-
like or resembling
reduced rosette leaves

Few, very short or up
to t or 2/3 the inner,
mostly lanceolate or
deltoid

6/12
f
mostly 8, lanceo-

late, sometimes crested,
carinate and thickened
in fruit, not coales-
cent at base

Ligulate, yellow, some-
times reddish on ligule,
5-22 mm. long, the tube
mostly 1/5 to 1/3 the

total length

Echinolophate, the spines
variable but smaller than

in Soroser is . In Y.

con junct i va grains aver.
31 jji in diam., spines ca.

5ix

Yellow or sometimes
brown branches 0.5-2.5
ram. long, 0.05-0.1 mm.

wide, the barbs ranging
from very fine to rather
prominent

Fusiform or oblong, ob-
compressed (sometimes
strongly), with 3-5
stronger ribs'

2-11 mm. long, white,
yellow, gray or fuscous;
the setae rather coarse,
stiff and brittle to

fine or very fine and
soft

Advanced, no supernumer-
aries observed in two
species
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b c d

Fig. 1. Youngia americana Babcock. From the type: a, rosette leaf, lower
face, af lowest caudical leaf, a", cataphyll, x 2%; b, flower stem, x2; c, head in

anthesis, X2; d, e, inner involucral bracts from outer and inner series, outer
face, X4; f} floret lacking ovary, X4; g, anther tube opened out, X8; h, detail

of appendage, x32; i, marginal achene (immature, pappus removed), x8; j,

inner achene with pappus, X8. (Drawings by the author, inking by Miss Anna
Hamilton.)
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3 ~'~'t

of both Soroseris and
Youngia. It will be

noted that the dis-

tinctive resemblances
to the two genera

'' ^^lllKgj if
r

'Vfp^Vr^ ~* are about equal in

* /fc 1 jy» ^
number, five for

Soroseris and seven

for Youngia; but that

the Soroseris resem-
blances are found
mostly in vegetative

features, whereas
most of the resem-
blances to Youngia

occur in the pollen

grains, the style and
stigma, the immature
achenes, the pappus,
and especially the

ovary anatomy. The
peculiarities of the

styles and pollen

grains and the pres-

ence of numerous su-

pernumerary strands

in the ovary are con-

sidered the most dis-

tinctive features of Soroseris (Stebbins, 1940). Since it is in these

parts of the plant, as well as in the achenes, that this new species

shows definite resemblance to Youngia, its classification in the

latter genus is clearly indicated.

At the same time, the hollow caudex, the cataphylls on the

rootstock below the rosette leaves, the elongated linear upper
cauline leaves, the few, long, linear outer involucral bracts, and
the long corolla tube, are not found in most species of Youngia,
whereas they are characteristic of most Soroseris species. This
occurrence of several marked resemblances to Soroseris appeals to

the author as indicating affinity with that relict genus of the

Sino-Himalayan region (Stebbins, 1940), thus endowing this

plant with considerable phylogenetic significance. As in the

case of Crepis pygmaea which, in certain features, exhibits resem-
blance to Youngia depressa, while the latter species in turn shows
relationship with the more primitive genera, Soroseris and Dubyaea,
so in Y. americana we find additional evidence that Youngia and
Soroseris had a common derivation. The ancestral group from
which Youngia, Crepis, and the other genera of the Crepidinae were
probably derived is the genus Dubyaea (Stebbins, 1940; Babcock,
1947).

Fig. 2. Youngia americana Babcock. Type
specimen in United States National Herbarium,

(Photograph by V. Duran.)folio no. 1973474.
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These clearly indicated phylogenetic relations have a direct
bearing on the location of the center of origin of the Crepidinae.
Extensive evidence has already been presented (cf. Babcock,
1947, Pt. I, Ch. 6, especially pp. 96-97) that both Soroseris and
Dubyaea originated in central Asia and migrated southeast and
south to their present areas of distribution. The discovery of this

primitive species of Youngia in Alaska suggests a similar origin

and migrational history to that of Crepis, section Ixeridopsis. In

addition to this section, all of the other native American species

of Crepis were unquestionably derived from species or hybrids
that must have migrated across Beringea in Tertiary times. This
evidence, together with the well justified assumption (Babcock,
1947, pp. 108, 137-139) that some of the Crepis species of

northern Europe and of Iceland (C. paludosa) or their ancestors

migrated westward south of the Ural Mountains in early Miocene,
points to a northern central Asiatic origin of Crepis. Now, in

Youngia americana, we find additional support for the concept of

a northern Asiatic origin of the Crepidinae.

Division of Genetics
University of California, Berkeley

Literature Cited

Babcock, E. B. 1947. The genus Crepis. Univ. Calif. Publ. Bot. 21.

Stebbins, G. L., Jr. 1940. Studies in the Cichorieae: Dubyaea and Soroseris,

endemics of the Sino-Himalayan Region. Bull. Torrey Club 19: 5-76.

CYTOTAXONOMIC STUDIES IN THE GENUS SORGHUM.
II. TWO NEW SPECIES FROM AUSTRALIA

E. D. Garber and L. A. Snyder

In a recent taxonomic revision of the genus Sorghum, Garber
(1950) recognized six subgenera: Eu-Sorghum, Chaetosorghum,
Heterosorghum, Sorghastrum, Para-Sorghum, and Stiposorghum.
Among the subgenera, Para-Sorghum, and Stiposorghum form one
circle of affinity and the other subgenera constitute a second
circle of affinity.

The basic chromosome number of Sorghum is 5 and is known
only in Para-Sorghum and Stiposorghum. The application of cyto-
logical methods to the taxonomic problems of this genus and
especially of the subgenera Para-Sorghum and Stiposorghum has
been eminently successful. A cytological study of a collection

of Australian sorghums, using criteria previously validated in

denning species of these subgenera, has revealed the presence of

two undescribed species.

Materials and Methods

Herbarium specimens of Australian sorghums furnished by
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Mr. S. T. Blake, Botanic Gardens, Brisbane, Queensland, yielded

a small number of seed which were planted in Berkeley, Califor-

nia. For cytological study, immature panicles were fixed in a
fresh solution of absolute alcohol and glacial acetic acid (3:1)
for 24 hours and then transferred to 70 per cent alcohol for stor-

age. Pollen mother cell smears were stained with acetocarmine.

Taxonomy
Specimens number 17526 and 17536 of Blake's collections

were identified as Para-Sorghum and Stiposorghum, respectively,

but could not be identified as any known species. An exami-
nation of the meiotic chromosomes gave additional evidence of

the distinctiveness of these collections.

Sorghum australience sp. nov. Planta annua, culmorum nodis

dense barbatis, ramis primariis verticillatis plerumque simplici-

bus, pulvino parvo, spicularum sessilium callo obtusissimo spicu-

lis sessilibus 7.0-8.5 m. longis, aristis 35—48 mm. longis, lodiculis

glabris cupuliformibus crassis, spiculis pedicellatis masculinis vel

neutris 6.5-8.0 mm. longis, fructu obovato. Chromosomae 2n =

20.

Annual; nodes of the culms, at least the upper, bearded; pri-

mary branches of the panicle whorled, usually simple; callus of

the sessile spikelets obtuse; pulvinus not prominent; sessile

spikelets 7.0-8.5 mm. long, brown; awns 35-48 mm. long; lodi-

cules glabrous, cup-shaped, thick
;

pedicelled spikelets stami-

nate or neuter, lacking lemmas, 6.5—8.0 mm. long; mature caryop-
sis obovoid. Chromosomes 2n = 20.

Type. East of Mataranka, near Elsey Station, Northern
Territorv, Australia, April 29. 1947, S. T. Blake 17526 (Herbarium,
Botanic Gardens, Brisbane, Queensland).

Sorghum australiense is the first annual Para-Sorghum found
east of India. The other annual species in the subgenus, S. pur-

pureo-sericeum and S- versicolor, are restricted to western India and
eastern Africa.

The glabrous, cup-shaped, thick lodicules of S. australiense

are unique among the species of Para-Sorghum that have been
examined. Pilger (1940), however, has placed S. trichocladum, a
species with glabrous lodicules occurring in western Mexico and
northern Guatemala, in the subgenus Para-Sorghum. Until living

material of this species is available for cytotaxonomic study, this

disposition cannot be verified. Within the subgenus, only S.

versicolor has longer awns than S. australiense. Of the five species
of Para-Sorghum, the three annual species have relatively long
awns (27—54 mm.), and the two perennial species, short awns
(12.5-24.0 mm.).

More than 200 spikelets of an open pollinated plant of S.

australiense were examined and yielded no seed. Until extensive
populations are available for hybridization, it is not possible to
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decide whether sterility is due to self-incompatibility as in S.

leiocladum, a tetraploid species of Para-Sorghum, or to environ-
mental factors. Using stainability with cotton blue in lactophenol
as a criterion of pollen viability, approximately 80 per cent of
the pollen grains appear to be functional.

—
- Sorghum matarankense sp. nov. Planta annua culmorum
nodis dense barbatis, ramis primariis verticillatis plerumque sim-
plicibus, pulvino parvo, spicularum sessilium callo acuminato 1.0

mm. longo, spiculis sessilibus 6.0-6.5 mm. longis, lodiculis cilio-

latis membranaceis, spiculis pedicellatis masculinis 6.0-7.0 mm.
longis, fructu late subulato. Chromosomae 2n = 10.

Annual; nodes of the culms,, at least the upper, bearded; pri-

mary branches of the panicle whorled, usually simple
;
pulvinus

not prominent; callus of the sessile spikelets pointed, 1.0 mm.
long; sessile spikelets 6.0-6.5 mm. long, brown; awns 35-50 mm.
long; lodicules ciliate, membranaceous; pedicelled spikelets stam-
inate, 6.0-7.0 mm. long; mature caryopsis broadly subulate.
Chromosomes 2n = 10.

Type. East of Mataranka, near Elsey Station, Northern Ter-
ritory, Australia, April 29, 1947, S. T. Blake, 17536 (Herbarium,
Botanic Gardens, Brisbane, Queensland).

The short, pointed callus of the sessile spikelets in S. mata-
rankense is also found in S. brevicallosum and serves to distinguish

these species from the others in Stiposorghum. The shorter sessile

spikelets, 6.0—6.5 mm. compared with 7.5—8.5 mm., and longer
awns, 40—50 mm. compared with 38—43 mm. distinguish S. mata-

rankense from S. brevicallosum. The very short hairs of the bearded
nodes in the former species contrasts with the long hairs of the

bearded nodes in the latter species. The primary branches, es-

pecially in the lowermost whorls, are usually divided, a character
not yet observed in any species of Stiposorghum. Similar to the

situation in Para-Sorghum, the one known perennial species in

Stiposorghum, S. plumosum, has short awns (28—50 mm.) compared
with the four known annual species (38—85 mm.).

From more than 200 spikelets of an open pollinated plant of

S. matarankense, no seed was obtained. Whether this sterility

is due to self-incompatibility or environmental factors is not

known. This observation, however, is not unexpected since the

species of Stiposorghum are characteristically self-incompatible.

Cytology

Sorghum australiense with a somatic chromosome number of 20
is a tetraploid. Since two plants had different numbers of rings

of four chromosomes at diakinesis and metaphase I of meiosis, it

is not possible to decide whether this species is an allotetraploid

or autotetraploid. At any rate, the three Australian species of

Para-Sorghum are tetraploids and the two African species, diploids.

Since the three Australian species are either autotetraploid or alio-
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tetraploid, there is reason to believe that additional collections

of Para-Sorghum from Australia may yield diploid species.

The meiotic chromosomes of S. australiense are similar in mor-
phology to those of the other species of the subgenus at pachy-
tene, diakinesis, and metaphase I. The chiasmata frequently at

diakinesis and metaphase I was determined for one plant, A50/
3—4. It had up to four rings of four chromosomes at these stages.

Consequently, the data on chiasmata frequency had to be ex-

pressed as the mean number of half chiasmata per chromosome.
At diakinesis, the mean number of half chiasmata per chromosome
was 1.90 (26 PMC's) compared with 1.58-2.42 for the other spe-

cies of Para-Sorghum, and at metaphase I, 1.79 (25 PMC's), com-
pared with 1.50—2.04 for the other species.

Approximately 50 per cent of the pollen mother cells (26 of

50 PMC's) had more than one nucleolus at pachytene; two pollen

mother cells had three nucleoli at the same stage. The nucleolus
organizing region was heteropycnotic ; the nucleolus chromosome
in cells with only one nucleolus was associated with the nucleolus
at an intercalary position, thus distinguishing this species from the

other two tetraploid species with terminal nucleolus organizing
regions.

Sorghum matarankense with a somatic chromosome number of

10 is the fourth diploid species of Stiposorghum. The meiotic

chromosomes at pachytene, diakinesis, and metaphase I are simi-

lar in morphology to the chromosomes of the other species of

Stiposorghum at the same stages. The mean number of chiasma
per chromosome at diakinesis was 0.61 (40 PMC's) compared
with 0.55—0.60 for the other diploid species, and at metaphase I,

0.60 (27 PMC's), compared with 0.52-0.55 for the other diploid

species. The percentage of bivalents with one chiasma at dia-

kinesis was 78 per cent (40 PMC's), and at metaphase I, 80 per
cent (27 PMC's) compared with 78.9-88.9 per cent and 89.0-96.0

per cent for the other diploid species at the respective stages.

Two of the five bivalents in S. matarankense were associated

with one nucleolus at pachytene, an observation typical of the

diploid species of Stiposorghum. The position of the nucleolus
organizing region was determined for each chromosome. In one
chromosome, the nucleolus organizing region was terminal, and
in the other, subterminal ; the former chromosome was noticeably

shorter than the latter at pachytene. The presence of a terminal

nucleolus organizing region suffices to distinguish S. matarankense
from the other diploid species of Stiposorghum in which none of

the nucleolus organizing regions is terminal.

Summary

Cytotaxonomic methods have been indispensable tools for ar-
riving at conclusions as to taxonomic relationships and evalua-
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tion within the complex genus Sorghum, especially in the sub-
genera Para-Sorghum and Stiposorghum.
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EVIDENCE FOR THE HYBRID NATURE OF
X LIATRIS CREDITONENSIS

L. O. Gaiser

This paper 1
is concerned with a plant described by the author

(1946) as a putative hybrid between Liatris ligulistylis and L.

squarrosa var. glabrata, under the name of x L. creditonensis. Be-
cause of the practical difficulty of controlled breeding of Com-
positae, it has not been possible to demonstrate the hybrid nature

of x L. creditonensis by planned resynthesis. The available evi-

dence that it is a hybrid is here presented.
Liatris ligulistylis (Nels.) K. Sch. has a known range of the

three prairie provinces of western Canada and southward along
the eastern side of the Rocky Mountains through western South
Dakota, Wyoming, and Colorado into northern New Mexico. It

favors comparatively moist habitats. Liatris squarrosa (L.) Michx.
var. glabrata (Rydb.) Gaiser on the otherhand is found on the dry
open plains from Kansas to South Dakota. The ranges of these

two entities do not overlap.

A garden plot of thirty-two plants of L. squarrosa var. glabrata

(Accession No. 9) planted in 1928 from seed collected in Neb-
raska (high cliff northwest of Royal, Antelope County, 4 October
1927, Wernicke) developed into uniform, one-stemmed plants dur-

ing their second year of growth, and by 1933 when they were
five years old they had become several stemmed (PI. 1, fig. 1).

Growing beside this plot were two plants of L. ligulistylis (Acces-

1 The author is indebted to Dr. R. Rollins and E. Anderson for reading the

manuscript and to the latter also for suggesting Fig. 2.
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sion No. 1) which had been collected in Minnesota (near Erskine,

Polk County, August, 1929, Gaiser). One was atypical in being

more paniculate and in having more elongated basal peduncles

than is usual in the species (PL 1, fig. 2).

Although stray seedlings were normally weeded out from the

plots, one which was growing at the side of the bed of L. squarrosa

var. glabrata and next to the two plants of L. ligulistylis was al-

lowed to persist. In 1932 this plant (No. 52) bloomed and was
seen to be intermediate between those two entities (Table 1), al-

though the influence of L. squarrosa was more pronounced. This

plant (PI. 1, fig. 3) proved to be the supposed hybrid, x L. credi-

tonensis.

Because phyllaries show a wide variation in form and were
considered important in distinguishing closely related species

within a series, it was hoped that from the recombinations of their

characters in this plant (No. 52), some knowledge of its parentage
might be gained. In the phyllaries of plant No. 52, the charac-

ters of L. ligulistylis and L. squarrosa var. glabrata were combined
even more that it was possible to indicate in Table 1.

Cytological Observations

Chromosome counts from pollen mother cells of L. squarrosa

var. glabrata (No. 9) were n = 10 (fig. 1 a—d) and from seedling

root tips, #rc = 20. Meiotic figures (fig. 1, e, f) of L. ligulistylis

(No. 1) appeared very similar to those of L. squarrosa var.

glabrata. In the putative hybrid (No. 52) first metaphase plates

showed ten chromosomes (fig. 1, g, h). A study of numerous
lateral and polar first metaphase figures showed that there was
always regular pairing of the bivalents. The anaphase and
telophase proceeded regularly; at second metaphase (fig. 1, i, j),
the uniformity of the chromosome plates was striking. There
were no lagging chromosomes; second telophases and pollen

tetrads were perfectly formed. Because of the similarity of the
meiotic chromosomes of the two putative parental species, how-
ever, the form and number of the chromosomes was of little help
in determining the origin of seedling No. 52.

Progeny of x l. creditonensis No. 52

The putative hybrid (No. 52) was partially fertile when
open-pollinated. A number of achenes were obtained the first

year that the plant was observed in bloom. Since the seeds were
sown late in the season, many of the seedlings did not have time
to develop a sufficiently thick corm to survive the winter. Thus,
the fact that only fifteen strong seedlings were available for

transplanting in the spring is not necessarily indicative of the

vitality of the lot.

In September 1934, the seedlings were in their second year
and most of them had come into bloom. Two of them with
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narrower, more rigid, declined and somewhat twisted rather than
broader upright leaves, and with projecting phyllaries were very
much like L. squarrosa. Three of them more closely resembled the
parent plant No. 52 in their wider, somewhat erect leaves. How-
ever, these three were not alike in their phyllaries, two of them
again having the more outspread phyllaries like L. squarrosa and
one having phyllaries similar to those of its parent. Thus, pro-

geny of the putative hybrid showed various recombinations of

the characters of L. squarrosa and L. ligulistylis.

With regard to seven characters, the progeny were com-
pared with the seed parent and with the two original species.

Most of the progeny were nearly like the seed parent. Three
were quite like L. squarrosa, and eight more approached L. squar-

rosa in one character or another. None closely resembled L-

ligulistylis.

At various times during the study, voucher specimens for

deposit in the Gray Herbarium were taken from x L. creditonen-

sisf from the putative parents and from the various progeny.

Cytological Examination of Progeny of Plant No. 52

Meiosis was studied in the pollen mother cells of one re-

sembling L. squarrosa and of another resembling the seed parent.
In both, divisions were normal with a regular arrangement of ten
bivalents at first metaphase (fig. 1, k, 1). Though many clear

figures of all stages of the first and second divisions were seen,
no lagging units on the spindles and no micronuclei were found.
One count of eleven chromosomes on a second metaphase plate

suggested irregularities (fig. 1, n) but was probably due to pre-

cocious splitting of one chromosome or to pressure on the mount.
Slight pressure on the coverslip over first metaphase plates

caused a similar elongation of a few of the bivalents as they were
seen somewhat laterally (fig. 1, m). Study of a third plant dur-

ing two different seasons showed only mature pollen which was
very regular in form.

In 1934 seven of the progeny produced many good achenes,
though one produced only six. From each of the seven, fifteen

achenes were germinated for cytological examination of the root

tips. The percentage of germination was good, varying from
40 to 86 in all except one which was not tested at the same time
as the others and for which it was believed that temperature con-
ditions were unfavorable. Of the plant which produced six

achenes, all except one germinated. In 1935, achenes were col-

ExPLANATION OF THE FlGURES, PLATE 1.

Plate 1. Specimens of Liatris Grown in Garden. Fig. 1, Five year old

seedling of L. squarrosa var. glabrata (No. 9 plant 32).—Fig. 2, L. ligulistylis

(No. 1 plant 2).—Fig. 3, X L. creditonensis (No. 52) photographed 1933. All
approximately x 1/7.
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TABLE 1. COMPARISON* OF LIATRIS HYBRID WITH PUTATIVE PARENTS

L. squarrosa var.
glabrata No. 9

L. ligulistylis
NoTI

X L. creditonensis
No. 52

Corolla
Color'"'*
Length
Shape

Lobes

Style
Length
Color**

Pappus
Length
Nature

Achene
Length

Phyllaries
Color
Nature

Margin

Position

Shape of
outer ones

Size of
outer ones

Shape of
inner ones

Length of
inner ones

Peduncles

Mathews purple, 65
12mm.
Erect to end of pappus

and then flattened
(rotate)

Hairy

20mm.
Mauve tte, 65f.

7mm.
Plumose

All green
Glabrous , chaffy

No cilia, not scarious

Outspread

Sharply acuminate

12mm. long

Linear acute

15>mm. long

l4.-8mm. long

Lilac, 65d.
7-9mm.
Erect, tubular

llprtm.

Lilac, 65d.

7-8mm.
Barbellate

l{.-5mm.

Lilac, 65d.
9mra.

Erect, tubular

Slightly hairy

18mm.
Mauve tte, 65f.

8mm.
Barbellate

6mm.

Green with reddish tips All green
Glabrous, membranous Glabrous, not quite as

chaffy as #9
Markedly scarious No cilia, not scarious

and lacerate
Erect, very slightly Mostly slightly

incurved incurved
Broadly ovate and Elliptical acute,

/""J
not sharply acute

long

Broadly
spatulate

8mra. long 0
4mm. -12cm.

(of basal flower)

10-llnjra.long,

3-lpnm. wide

Linear, spatulate/^

15mm. long '/

20-25mm. long

* These observations were made at the time the styles were exserted, August
1933, with revision of pappus and achene lengths to those of mature conditions.

** Colors are according to Ridgway's Color Chart, plate XXV.

lected from eleven plants, of which five were other than those

checked in the previous season. Though their viability was not
tested, it is probable from the appearance of the well-filled

achenes that their germination would have been as high. The
somatic chromosome number was confirmed as twenty in six

seedlings.

In numerous figures obtained from one seedling, at least two
pairs of chromosomes were found to be longer than the rest, one
pair long-median, and one pair sub-median. For the rest of the

chromosomes, it was difficult to draw a line between those of

intermediate length and the shortest ones.

Further Analyses of the Progeny

Using the hybrid index method of Anderson (1949), x L.

creditonensis was compared with its putative parents and with its
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Fig. 1. Meiotic chromosomes of x L. creditonensis and the two putative
parents as seen in polar views of first metaphase (except i, j, n which are second
metaphase) in pollen-mother-cells from aceto-carmine preparations, drawn by
Zeiss apochromatic lenses and camera lucida at aproximately x 1900. Figs.

a-d, L. squarrosa var. glabrata No. 9 (n-10): a, b, two young seedlings

in their first summer of bloom; c, d, seedling 32 in its fifth year. Figs, e, f, L.
ligulistylis No. 1 plant 1 {n — 10). Figs, g-j, XL, creditonensis No. 52 (n = 10):

g, drawn in 1932; h-j drawn in 1933. Fig. k, plant 8 of progeny of No. 52.

Figs. 1, n, plant 12 of progeny of No. 52.

progeny, nine diagnostic and measurable characters being
studied from the herbarium material—pilosity of corolla limb

;

nature of the pappus (length of barbules)
;
margin, shape, and

position of phyllaries; shape, surface, and margin of leaves; and
pubescence of upper stem (Table 3).

As to the first character considered, pilosity of the corolla

limb, L. squarrosa has hairy corolla lobes, whereas L. ligul-

istylis has a completely clear corolla, lacking any pilosity within
the limb, throat, or tube. This is in contrast not only to L. squar-

rosa, but also to other species of the Scariosae which have hairs
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within the throat. (In referring to parts of the corolla, the tube
proper will here be regarded as the part below the insertion

of the filaments, the part above that being referred to as the

throat and limb, of which the latter refers to the teeth only.)

In determining the hybrid index, L. squarrosa, with profuse hairs,

was scored 4, X L. creditonensis, with few hairs, 1, and L. ligu-

listylis, with no hairs, 0. The progeny was scored from 1 to 4.

The second character considered was nature of the pappus.
L. squarrosa has a very plumose pappus, whereas in L. ligulistylis

the pappus is barbellate and to the naked eye not obviously plu-

mose. As can be seen in those species of Liatris having a plumose
pappus, the barbules toward the base of the seta are generally
shorter. Also, as was noticed early by Cassini (1827) in

Suprago, even along the mid portion of the seta there are dif-

ferences in length of the barbules. Inasmuch as only the longest

projecting barbules are readily distinguishable when setae are

flattened under a cover slip, measurements were made only of

these longer barbules. The figures, therefore, do not represent

the full range of length. For each species, measurements were
made of ten specimens from widely distributed localities. These
included the isotypes and two plants of each of the accessions

studied above. For each of these plants, twenty-five barbules

were measured. In making these preparations, it was found
that lactic acid was a satisfactory mounting medium for the

short-barbuled setae of L. ligulistylis, but for the plumose setae

of L. squarrosa parlodion proved to be better. Table 2 gives

the means and standard errors of these measurements. Plant

No. 52 falls between the two species, just at the upper limits of

L. ligulistylis. This confirms the macroscopic determination of

its pappus as barbellate (Gaiser, 1946). Only one of the pro-

geny had a mean lower than that of the parent plants, and the

rest fell between it and L. squarrosa. In determining the hybrid

index, the barbule length of L. ligulistylis was scored as 0 and
that of L. squarrosa as 2. Intermediate lengths were then scored

fractionally.

For the other eight measurable and diagnostic characters

studied, the condition of L. ligulistylis was scored 0, the inter-

mediate condition 1, and the condition of L. squarrosa 2, except
for pilosity of corolla limb which was scored from 0 to 4. Scor-

ing and totals are shown in Table 3. Thus, with the putative

parents having a total score of 0 and 20, plant No. 52 receives

only a total of 10.44. The scores of the progeny fell between
those of L. squarrosa and x L. creditonensis, the highest nearly ap-

proaching that of L. squarrosa and the lowest that of x L. credi-

tonensis, none approaching closely to L. ligulistylis. This confirms

the observations on the living plants, most being like the parent

plant or intermediate between the latter and L. squarrosa. In-

dependent segregation is shown, however, in some of the charac-
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Pilosity on Corolla Limb
Fig. 2. Scatter diagram of progeny of x L. creditonensis (Plant No. 52):

L. hguhstyhs (black circle in lower left) ; L. squarrosa (black circle in upper
right); L. creditonensis (stippled circle); the progeny (clear circles). From
• m ui

right the symho1 arms represent the phyllary, leaf and stem characters
in lable 3, long arms a score of 2, and half length, a score of 1.
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ters. In the pictorialized diagram (fig. 2), the diversity of the
progeny is at once apparent. On the basis of the characters
scored, no two of them are exactly alike.

Discussion

With the common observation of the intermediacy of an F x

between the two parents, it is sometimes less well remembered
how greatly the progeny of even an F2 vary from one another.

However, as Anderson (1949) has recently emphasized, the

number of recombinations in an F 2 is not numerous considering
the total possibilities in the multitudinous characters of two
species. Because of the linkage of genes, as at least one limit-

ing factor, fewer types of combination are achieved. Also as he
has pointed out from the analysis of hybrid populations under
natural conditions, there is a repeated backcrossing of the hy-
brids to one or both of the parents, and with each successive

generation the hybrid nature is less apparent. The result is

that a few resemble the recurrent parent and a few the F 1} but
a larger proportion will be intermediate between these two.

In Plant 52 (x Liatris creditonensis) and its progeny, there

was shown a change from the distinct intermediate plant No. 52

to some of its progeny. Because of the failure of some of the

insufficiently developed seedlings to over-winter, the complete
population could not be represented in the study. The fifteen

progeny which were grown varied so slightly among themselves
that when for lack of better characterization they were divided

into seven categories, two were described as practically like the

parent plant and eight were considered close to it but with other

combinations of characters from the one contributing parent spe-

cies L. squarrosa. While twr o categories were recorded at that time
based on close similarity to L. squarrosa, none pointed singly to

L. ligulistylis . The more extended analysis (Table 3), including

measurements of two characters of a quantitative nature, con-
firm this. Though the total scores of the progeny range from
those very nearly as low as the parent plant No. 52 to those very
nearly as high as L. squarrosa, none at all had a score approach-
ing L. ligulistylis. These plants seem to meet the situation des-

cribed by Anderson of a backcross to the recurrent parent with
L. squarrosa as that parent. As there was quite a bed of L.

squarrosa (No. 9) seedlings (originally there had been thirty-

two) it is logical to assume that there would be more pollen of
that species available for pollination than of L. ligulistylis, of

which there were only two plants. Because the hybrid was
open-pollinated it is not known whether the seeds that were
germinated were really the result of fertilization of those flowers

by pollen of other flowers of the same plant or by pollen of

plants of either or both of the other two species. Compatability
of the chromosomes of either species could be expected in view
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TABLE 2 MEAN LENGTH OF BARBULES OF PAPPUS

Qnar i monc ovctm i noHopcCiiTicns cXain i nca Barbule length Pin- _ _1otandar

d

Error

1 i a + 1~ i e 1 i m 1 1 ! c + wl i q *
*

L 1 a U 1 o J. 1 IJUl 1 s lyl 1 3 30.54 +.2820

L 1 a ll 1 o SljUal 1 USA
var. glabrata 92.37 ±.5235

X L. creditonensis, No. 52 43.85 t.8708

Progeny of No. 52 Plant 6 35.85 .8799
it 2 43 . 85 +.8032

4 45 . 25 4.6349
•i 7 47 . 05 1.2291
it 15 47 . 25 .8216

1 53 . 25 l f 1080
9 55.05 .7525
8 59.25 .7362

« 5 63.65 1.0672
it 11 65.65 1.1256
•t 3 72.65 1.1113
it 12 72.65 1.0745
it 14 73.05 1.1055
it 10 86.25 1.7644
it 13 94.05 1.0460

**Based on 250 measurements; the others each based on 25

measurements.

Mean barbule length in Table 2 given in micrometer spaces, 1 ocular

micrometer space equaling 5.2 microns.

of the regular conjugation and divisions in the hybrid itself.

Since morphologically as well as cytologically the seedlings

qualify as successful backcrosses under natural conditions, a

majority of these may have received the more abundant pollen

of L. squarrosa.

Granted plant No. 52 is a hybrid, the regular pairing in

meiosis of the pollen mother cells showed that the chromosomes
of the two gametic genomes were homologous. If the chromo-
somes of the two contributing parents did not differ structurally
they would have differed in their genie structure. Two such
species which are not reproductively isolated, according to the
classification of Mayr (1948), would be but subspecies. Also
according to Clausen, Keck and Hiesey (1945), since their
genetic systems were so balanced as to allow a free interchange
without seriously impairing the ensuing development of the off-

spring, they would be classified as ecotypes of one species.
It is of interest to note that L. ligulistylis and L. squarrosa

are species of the series Scariosae and Squarrosae.
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On the basis of their barbellate or plumose pappus, Cassini

(1827) placed these two series under the sections Suprago and
Euliatris, respectively. Thus x L. creditonensis is an intersectional

as well as interserial hybrid. Significant evidence of the hybrid
origin of x L. creditonensis seems to lie in the measurements of the
barbules of the pappus of the plants under consideration. As
given above, the means of the lengths of barbules of the two
putative parents were 30.54 and 92.37 and that of the hybrid
was 43.85. Such a value is indeed a near intermediate as is gen-

erally found in the Fi in quantitative characters, and the values

of the progeny show recombinations expected in the next gen-

eration. It is known that when two pairs of factors affect a char-

acter (in multiple factor inheritance) the proportion of the F2

progeny falling within the range of either parent equals For
this one character of pappus, the values in the table suggest that

such an interpretation might possibly be considered. Liatris

Weaveri (Shinners, 1943), though it has not been reproduced ex-

perimentally, similiarly appears to represent an intersectional

hybrid, between the series Scariosae and Punctatae (with plumose
pappus).

The cytology of x L. Weaveri is being treated also (Gaiser, in

press I). There are a number of examples in other plant gen-

era of hybrids between what have been considered good allo-

patric species and even between genera. Therefore, such well

recognized forms as L. squarrosa and L. ligulistylis surely fall

into the category of generally recognized good species. Knowing
what species were growing in the plot at the time of the appear-
ance of x L. creditonensis, it is difficult to see what other parental

sources could have given rise to it. Yet the final proof would lie

in its experimental resynthesis. Other hybrids of this genus
are being reported upon (Gaiser, in press II). Of the ten hy-

brids listed for the genus (Gaiser, 1946) six were intersectional

hybrids. Also, in every series of the genus but two, the Gramini-

foliae and Pauciflorae, at least some species had been involved in

such hybridization (Gaiser, 1950). According to the classifica-

tion based on biosystematic principles (Clausen, Keck, and
Hiesey), the several intersectional hybrids would seem to mean
that much of the genus Liatris is one cenospecies.

As seen in plant No. 52, x L. creditonensis was a sucessful hy- »

brid judged by the achene development and the high percentage
of seed germination. The cytological observations foretold this

condition in the regularity of meiosis and the formation of regu-

lar pollen grains. It was analyzed as a hybrid between L. squar-

rosa var. glabrata and L. ligulistylis, a hybrid between two species

for which there is a natural barrier of geographic isolation. But
when these two are brought together, hybridization can result.
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Summary

1. Two species of Liatris from different sections of the genus
were grown in an experimental garden. A seedling appeared
whose intermediacy, vigor, and breeding behavior indicated that
it was a first generation hybrid between these two species.

2. There was no evidence of cytological irregularities or of
any sterility either in the hybrid or its open-pollinated progeny.

3. Fifteen open-pollinated seedlings of the hybrid were
raised to maturity and measured for a series of characters. They
are as a whole intermediate between the hybrid and one of the
parents, suggesting that wholly or in part they are back-crosses.

4. The concept of the cenospecies, as applied to Liatris, is

discussed in the light of these results.

Biological Laboratories,
Harvard University,

Cambridge, Massachusetts
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MORTON EATON PECK

Morton Eaton Peck, Professor-Emeritus of Biology at Wil-

lamette University and dean of plant taxonomists in the Pacific

Northwest, will celebrate his eightieth birthday on March 12,

1951.

Born in La Porte City, Iowa, Dr. Peck received most of his

formal academic training at Cornell College (Iowa). After grad-
uation he held several teaching posts in Missouri and Iowa and
spent two fruitful years as a botanical collector in British Hon-
duras. In 1908 he came from a professorship at Iowa Wesleyan
to Willamette University, Salem, Oregon.

More than half of his eighty years have thus been spent in

acquiring an unequaled knowledge of the natural history of
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(Photograph by Bishop Moderne Studios)

Plate 2. Morton Eaton Peck
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Oregon and imparting his deep appreciation of it to successive

generations of attentive students. Accompanied by his able and
devoted collaborator, Jessie Grant Peck, he has done extensive
field work in almost every section and corner of the state, on
foot, on horseback, and by automobile. His knowledge of the
flora of the Wallowa, Steens, and Cascade ranges and their 'in-

tervening plains is an incomparable one. A few months ago he
remarked, a trifle wistfully and with characteristic modesty, "I

am beginning to think I have covered the state fairly well." The
Peck Herbarium at Willamette University, the finest collection

of Oregon plants in existence and almost wholly the results of the

Pecks' loving efforts, is a permanent and useful record of their

explorations and a hospitable haven for botanical visitors.

Although best known to botanists in general for his excellent

''Manual of the Higher Plants of Oregon" (1941), Dr. Peck has

also contributed pioneer work on myxomycetes (1932), is the

author of a distinguished "Preliminary Sketch of the Plant Re-
gions of Oregon" (1925), and has published one book of poems.
Currently, he is busily at work on a revised edition of his manual.

We take this opportunity to congratulate him upon his out-

standing accomplishments and to wish him many more happy and
productive years. Lincoln Constance, Department of Botany,
University of California, Berkeley.

REVIEWS

Principles of Plant Infection. Ernst Gaumann, xvi +543 pages,

311 figures and 90 tables. $8.00. Hafner Publishing Company.
New York, New York. 1950. (Authorized English edition by
William B. Brierley, Professor of Agricultural Botany in the Uni-

versity of Reading, England.)
This book is a translation of "Pflanzliche Infektionslehre," 1

first published in 1946. It is therefore not a new book, and
earlier reviews should be considered. Among these is one by the

translator and editor, William B. Brierley 2 that especially deserves

reading, for in it one finds the key to the excellence of the present

volume. Professor Brierley has done much more than translate

with fidelity the contents of a book; he has succeeded in trans-

lating the author of that book as well and to such perfection that

when one reads the various chapters in it one seems actually to

1 Gaumann, Ernst. Pflanzliche Infektionslehre. Verlag Birkhauser, Basel,

Switzerland.
2 Brierley, William B. Pflanzliche Infektionslehre. By Ernst Gaumann.

Pp. 611 with 311 text-figures and 90 tables in the text. Basel, Switzerland:

Verlag Birkhauser. 1946. S.Fr. 48-50. Annals of Applied Biology 33:

336-337, 1946.
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hear Professor Gaumann deliver his inspiring lectures in the

English language.

The appendix to the book, written by Professor Brierley

(pages 498-513) is excellent but too brief. However, even in its

brevity, it leads one to wonder why these two recognized sci-

entists, Gaumann and Brierley, did not, for the sake of effective-

ness and efficiency, get together and produce an entirely new and
up-to-date book in which the most significant of later biological

researches and ideas could be included.

The book appears to be exceptionally free of errors. This

reviewer was able to find only one of serious import, and that one

was probably due to the obvious attempt at effecting economy in

space and materials. The error occurs on pages 476 and 481

where the graphs, but not the legends, of figures 306 and 311

have been transposed. Also in the text are two references, with

dates, which are not found under literature cited.

The book is divided into six chapters, and these are further

divided under subheadings into many categories that help to

systematize and clarify their content.

Chapter 1 deals with the mechanisms of infection used by
the various pathogens, phanerogams, fungi, bacteria and viruses,

and shows how these are influenced by environmental conditions.

Also discussed are the various paths and portals through which
pathogens enter and their further development and colonization

within the host.

In Chapter 2, infection chains are considered, as well as the
many kinds and sources of infective materials. The manner
in which these differ for autoecious and heteroecious pathogens
likewise is discussed. Also considered here is the way infection

chains affect the start, development and decline of epidemic
outbreaks of infectious plant diseases.

Chapter 3 is concerned with the adaptive ability of pathogens.
In it are discussed in some detail the kinds and degrees of patho-
genicity that can be brought about by such factors as nuclear
dissociation (saltation), nuclear association (heterocaryosis)

,

hybridization, and mutation. Here, also, is brought in a dis-

cussion of the effectiveness of mixed infections of different strains

of the same pathogen and mixtures of different species of patho-
gens.

Chapter 4 deals entirely with the host and its proneness, its

susceptibility or its resistance, to disease. The chapter is divided
into two parts. First is discussed the inherent resistance of the
host to infection, penetration and internal spread of the patho-
gens, with some 65 pages devoted to consideration of the many
defense reactions of the host. Secondly is considered the changes
in resistance due to such factors as ontogenetic changes in the
host, general vigour of the host and the effects of the physical
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environment, temperature, humidity, etc., including the agri-

cultural activities of man.
In Chapter 5 is discussed the pathological effects of the inter-

actions of host and pathogen resulting in many kinds of symptom
expression. In Chapter 6 the various prophylactic and thera-

peutic means of plant disease control are treated.

Principles of Plant Infection is a good book, a stimulating
book with interpretations here and there that can and will be
questioned and reconsidered by students of Plant Pathology

—

H. N. Hansen, Division of Plant Pathology, University of Cali-

fornia, Berkeley.

Plants of Bikini and Other Northern Marshall Islands. By
William Randolph Taylor. The University of Michigan Press,

Ann Arbor, Michigan, xv + 1-227 pp., frontispiece, plates 1-79.

1950. $5.50.

As a senior biologist of the technical staff attached to the
atomic-bomb tests of "Operation Crossroads," it was the responsi-
bility of Professor Taylor to collect and catalogue the plants, with
the exception of the phytoplankton and bacteria, that occur on the

Atolls of Eniwetok, Bikini, Rongelap, and Rongerik.
Among those interested in the botany of the Pacific, it is well

known that little information exists about the floras of many of
the island groups in this large ocean. With respect to the north-
ern Marshall Islands the situation was particularly bad, for, as

the author points out, there was almost no background at all for a

botanical survey—nothing was known of the cryptogamic floras.

The subject matter is treated under five main headings: In

part one (pp. 1-4) the history of botanical exploration in the Mar-
shall Islands as a group is briefly reviewed. In part two (pp. 6—

13) the appearance and structure of the atolls is described, and a

general account is given of the marine vegetation and the ecologi-

cal conditions as encountered on the seaward reefs and in the la-

goons. It is of interest to note that such ubiquitous tropical gen-

era as Sargassum and Galaxaura are entirely absent and others

such as Codium and Dictyota are very poorly represented. The
vegetation of the seaward reefs is totally different from that in

the lagoons. In both areas the littoral and upper sublittoral

vegetation is extremely poorly developed, apparently owing to

the intense insolation. Lithothamnioid algae, chiefly of the genus
Porolithon, are the most important elements in the growth of the

windward (eastern) side of the reefs and are of great importance

in reef formation on the leeward side of the atolls also.

Part three (pp. 14-18) deals with the general characteristics

of the land vegetation. It is pointed out (p. 14) that: "The
land flora of the four atolls is essentially uniform. There are no
differences with respect to basic vegetation between any of the

atolls, and infrequent and introduced wild species nowhere alter

the botanical aspect of an island." In part four (pp. 19-39) a
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more detailed summary account is given of the islands (more
than 50 were visited) in each of the four atolls.

Part five (pp. 40-209) consists of an annotated catalogue of

the plants. The Latin diagnoses of the new species are as-

sembled at the end of this section. Descriptions are provided for

about 250 species, varieties, and forms (56 angiosperms, 1 moss,

1 1 fungi, and the remainder algae, all of which are marine in

occurrence except for a few Cyanophyceae) . Seventeen species

and forms of algae and four species of fungi are regarded as new
to science.

In the identification of the species, Professor Taylor had the

assistance of various experts. However, except for the blue-

green algae, the fungi, and a few other species, the task of draw-
ing up the descriptions fell on his shoulders. The masterly way
in which this was done is proof of Professor Taylor's versatility

as a botanist.

Descriptions are furnished only for the species, varieties,

and forms. Many of them are illustrated with photographs of

the habit. In the majority of instances, the photograph of the

habit clearly reveals the outstanding features of the entity but
in others, such as Halimeda, it would have been extremely helpful

if anatomical details had also been illustrated, as they were in

some of the Corallinaceae. In most instances, except for the

angiosperms, the date of publication of the genus is given. One
wonders why this was not done for the species also, and it is

especially to be regretted that in many instances the reference

to the species or the forms with which they are compared (e.g.,

Haloplegma Duperreyi subsp. spinulosum Howe, p. 138) was not

given in the bibliography. The citation of this essential litera-

ture would have enhanced the value of the book and would not

have increased its bulk by more than a few pages. On the other

hand, a few of the references which are given, such as those of

B0rgesen on Rosenvingia stellata (now Iyengaria stellata (B0rg.)

B0rg.) and Platysiphonia, could safely have been omitted since

they are not particularly relevant.

For several genera, a wrong date of publication is given. In
the following list the year of publication is that given in paren-
theses : Cladophoropsis B0rgesen, 1909 (1905); Microdictyon De-
caisne, 1839 (1841); Acetabularia Lamouroux, 1816 (1812);
Tydemania Weber-van Bosse, 1911 (1901); Spermothamnion
Areschoug, 1877 (1847).

Inasmuch as the author alone is responsible for the greater
part of the account dealing with the marine algae and since this

is the group with which the reviewer is most familiar, a few
critical comments may be appropriate.

Despite the convincing arguments of B0rgesen, Feldmann, and
others for the separation of the members of the Siphonocladales
into several families, Professor Taylor still places Valonia, Val~
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oniopsis, Dictyosphaeria, Cladophoropsis, Boodlea, Rhipidiphyllon, and
Microdictyon in the single family Valoniaceae. B0rgesen and
others would assign only Valonia and Dictyosphaeria to the Val-
oniaceae.

Notice has apparently not been taken of the fact that Valonia
Forbesii has been made the type of a distinct genus independently
by Feldmann (C. R. Acad. Sci. Paris 206: 1504. May 1938, as

Boergesenia) and Iyengar (Jour. Indian Bot. Soc. 17: 194. June
1938, as Pseudovalonia) .

In discussing the new species, Caulerpa bikinensis , the author
remarks (p. 66) : "Difficult though the [Caulerpa racemosa] group
is, one can clearly recognize certain lines of specialization and
these lines deserve species rank, understanding that, where con-
ditions do not favor the full expression of the differences to which
a plant has genetically attained, recapitulation may cause simpler
ramellar forms to be exhibited. Examples would include C.

peltata and C. bikinensis, . .
." This view is at variance with that

taken by Eubank (Univ. Calif. Publ. Bot. 18: 409-432. 1946.)
in her study of the Hawaiian species of Caulerpa. On the basis

of her own observations and those of other investigators of C.

peltata, she concluded that this entity intergraded to such a per-

plexing degree with variants of C. racemosa that it was not pos-

sible to accord it more than varietal status. In the absence of ex-

perimental evidence it is futile to argue for or against recognition

of C. peltata and various other entities of Caulerpa as species,

varieties, or forms, except that it is more in keeping with current

practice to consider them as intergrading variants of polymorphic
species.

It is not clear whether or not the author regards all members
of the Fucales as belonging to a single family. Turbinaria is as-

signed to the Fucaceae whereas most modern systematists give it

a place in the Sargassaceae.
Botryocladia Kuckuckii is considered by Feldmann (and more

recently by B0rgesen) as synonymous with the older B. Skotts-

bergii. The author adopts the former name for the plant from
Bikini without giving his reasons for differing from Feldmann.

Inasmuch as the families and genera are arranged in phylo-

genetic sequence in the groups to which they belong, it would
have been mere logical to place Laurencia and Chondria at the end
instead of the beginning of the Rhodomelaceae.

In general, the nomenclature is up-to-date. The following are

a few oversights to which attention may be drawn.
The transfer of Asperococcus fastigiatus Zanardini to Rosen-

vingia was made by B0rgesen when he established the genus.

Acrochaetium is placed in the Chantransiaceae, but since it is

now known that Chantransia as originally conceived did not include

members of Acrochaetium or related genera there is no longer justi-

fication for failure to accept the family name Acrochaetiaceae.
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The authors and dates of publication of Neomeris ("D'Archiac,
1843"), Hypnea ("Kiitzing, 1813"), and Ceramium ("Wiggers,
1817") are Lamouroux, 1816, Lamouroux, 1813, and Lyngbye,
1819, respectively. Wiggers did, to be sure, describe a genus
Ceramium in 1780, but his genus was founded upon species of

Chorda, Furcellaria, and Gracilaria, and did not include a single

species of Ceramium in the sense that the genus is now accepted.

Ceramium Lyngbye has been conserved.
The name Roschera Sonder (1879) should be supplanted by

Tolypiocladia Schmitz (1897), since this name of Sonder is an
orthographic variant of Roscheria Wendl. (1877), a palm genus.

Both names commemorate Dr. Albrecht Roscher.
Although the flora of the northern Marshall Islands is not a

rich one, the volume by Professor Taylor forms a most gratifying

and welcome addition to organized knowledge of the marine algae

of the Pacific. We now have for the first time a book giving good
descriptions of some of the algae which students visiting the cen-

tral Pacific could expect to find.

The University of Michigan Press has maintained its usual
high standard in the printing and binding of the volume.

—

George
F. Papenfuss, Department of Botany, University of California,

Berkeley.

Anatomy of the Dicotyledons. By C. R. Metcalf and L.

Chalk. Oxford at the Clarendon Press. Volume I, i-lxiv + 1-

724 pp., Volume II, 725-1500 pp., 1950. $25.00.

In 1899 Solereder published his Systematic Anatomy of the

Dicotyledons. This work resulted from a venture begun by
Radlkofer and pursued further by his students, which sought

evidence for the interrelationships between plants from the de-

tails of their anatomy. Solereder summarized the accumulated
knowledge in the two volumes of his treatise. Since then many
new facts have become available, necessitating some corrections

in old observations. Metcalf and Chalk have attempted to bring

all this material up to date, at the same time laying further stress

on its relationships to Taxonomy. The present review will stress

the taxonomic aspects of the work.
The preface outlines the authors' aims and objectives, while

the introduction presents a resume of generalizations as to the
role of Plant Anatomy in Taxonomy. The body of the text out-
lines factual material relative to each family's normal and
anomalous anatomical features, with additional phylogeuetic,
taxonomic, and economic notes, followed by lists of genera from
which the factual data is derived, and, finally, pertinent biblio-

graphic references. At the end of the work are interesting lists

of plant families, each list exhibiting certain anatomical char-
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acters in common. This is followed by lists of families having
similar patterns of geographic distribution and, finally, lists of
various woody or herbaceous families. The appendix contains
six tables pertaining to measurements or counts of vessels, rays
or fibers. The work closes with a general bibliography of 2535
entries, most of which are subsequent to Solereder.

The taxonomist will be interested in the arrangement of the

families, which follows the system of Bentham and Hooker, and
he will naturally attempt to seek the authors' reasons for using
this system instead of a more modern, putatively phylogenetic
system. The answer will be found on page lv of the introduction

and is no more profound than, "On the advice of Sir Arthur Hill,

who was director at Kew when the work was started. ..." Mod-
ern usage, however, is followed in the families recognized, ap-

proximately 100 family names not included in Bentham and
Hooker are used, and the sequence of a few has been changed.
Aside from the fact that Solereder, after whom the present work
is patterned, also uses the Bentham and Hooker arrangment,
there are perfectly sound reasons why such a system may be
used in a modern work designed to support phylogenetic tax-

onomy. Although it was not intended as a phylogenetic system,
the principles that guided Bentham and Hooker in developing
their "natural arrangement" were based upon morphological
resemblances as indicators of "affinities". These are the same
principles used in the erection of phylogenetic systems. The only

important difference between a natural and a putatively phylo-

genetic arrangement is that the latter presumes an understanding
of the meaning of relationship or affinity. Relative to the

Dicotyledons, the systems of Jussieu, of Bentham and Hooker,
and of Bessey are very much alike, the differences between them
being largely due to additional factual material rather than to

basic arrangement.
I am therefore somewhat disturbed by the frequent use of

the terms Taxonomy and Phylogeny by the authors in the sense

that the former stands solely for relationship on the static level

of "affinity", while the latter seeks to establish evolutionary

sequences between the families of plants. There seems to be

no realization by the authors that the evidence for the former
is precisely the evidence for the latter, and that things equal

to the same thing are thus themselves equal. Phylogenetic clas-

sifications are not ultimate things apart from systems express-

ing affinity. In Taxonomy, phylogeny as yet can only be an

enlightened point of view that governs or limits and guides

the use of the concept of affinity in making taxonomic arrange-

ments, for there are no means whereby the precise course of

genetic lineages can now be established. They belong to the

irretrievable past. Ye.t we believe that the plants within the in-
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elusive taxonomic structure that constitutes our orders and fam-
ilies and our genera and species typify segments of the phylo-

genetic lineage. We believe that these lineages, through genetic

processes, have been characterized by modifications of the de-

tails of morphological structures. Today the precise concepts of

affinity become a part of the phylogenetic classification which
stands as the working hypothesis of the taxonomist. That is

about as far as we can go, but it is important that we go that far.

The system thereby achieved lends itself to many important
uses such as the education of botanists, and the more practical

problems of the identification of plants, the selection of grafting

stock, and the seeking of additional or substitute sources of the

products of biochemical synthesis.

The authors reach the conclusion that some families are ana-

tomically homogeneous and therefore probably natural, while

others are heterogeneous and hence may be unnatural and should

be reinvestigated. They maintain that anatomical features are

most likely to provide evidence of the interrelationships of family

and larger groups, that they may also help establish the real

affinities of uncertain genera, but that they are of little value on
the species level. They also touch the age-old problem of the

evaluation of characters, and they emerge with a reexpression of

the doctrine of conservative characters, suggesting that the tax-

onomic value of anatomical characters is inversely proportionate

to their plasticity and that conclusions based on combinations of

characters are more reliable than those resting on single char-

acters. They point out that the possession of similar anatomical
features does not always imply affinity, and that anatomical fea-

tures of value in one family are not necessarily of value in an-

other. These same principles were established for organography
by Jussieu, DeCandolle, and Bentham and Hooker. Thus in

the evaluation of characters for taxonomic purposes Plant Anat-
omy finds itself in a similar situation with the other systematic
disciplines.

I sought to discover if the work might be utilized to determine
whether a family suspected of being unnatural on other grounds
might also be found unnatural on the basis of its anatomy. For
this purpose I selected the Ficoidaceae (Aizoaceae). Here the

embryo in one group of genera is shaped like the letter "C", sug-

gesting relationships with the Caryophyllaceae, while another
section of the family has an embryo shaped like the letter "L",
suggesting relationship with the Cactaceae as is supported by
other features of gross morphology. Maheshwari in his text on
Plant Embryology noted the resemblance of Cactaceae to Ficoi-

daceae and concluded that Cactaceae should be placed close to

Caryophyllaceae. I sought to determine if the anatomical facts

might not warrant splitting Ficoidaceae, one group remaining
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close to the Caryophyllaceae, and the other placed near the
Cactaceae. The coverage of this family in the text under re-

view., however, was not adequate to make such a comparison, and
I was unable to reach my own conclusion in this matter. It

would seem that the value of the book to the taxonomist is di-

rectly in proportion to the completeness of detail in which the

families are treated. I am fully aware that this is probably ex-

pecting far more of the work than was intended by its authors,

since the organization presented centers around the family rather

than the genus. To cover the genera adequatelv would require

a treatment encyclopedic in scope. Nevertheless I think my
point is worth making. It would seem that in order to evaluate

adequately the relationships of a family one must understand its

organization into genera inasmuch as it is the generic characters

that suggest the phylogenetic lineages of the family.

In the closing sentence of the treatment of the Ficoidaceae

the authors state that, "A complete anatomical revision of the

family could usefully be undertaken as soon as the taxonomy of

the family is more stable." Plant Anatomy will be of greatest

service to Taxonomy when from its own evidence it ventures its

own conclusions and erects its own hypotheses concerning phylo-

genetic matters. Only in this way can we get a systematic view-

point not biased by evidence from other disciplines. Only in this

way can we pit the evidence and conclusions of one discipline

against those of another to test hypotheses of relationship. Ob-
viously the conservativeness of anatomical characters does not

permit this on the scale upon which some of the other disciplines

operate. Nevertheless, it seems important that as much in-

dependence of decision as possible enter the work.
There are at present only a few families whose anatomical

features have been studied systematically to the point of maxi-
mum use to the taxonomist. Such studies require time and hard
work and involve the massing of materials from remote places.

It is of immense value that after each fifty years of progress

the material be brought together where it may be assimilated.

This Metcalf and Chalk have done in fine style. It has been
my objective to point out places where a closer tie could be woven
between Plant Anatomy and Taxonomy. This is especially im-

portant because Taxonomy is at present undergoing a reorganiza-

tion and a re-evaluation of its concepts, and it is to this reorganiza-
tion that much of my present discussion is directed. Toward this

objective these volumes are a monument of achievement such as

few men complete in a lifetime. The task is Herculean and each
generation of plant anatomists and plant taxonomists must con-
tribute its mite. Herbert I,. Mason, Department of Botany, Uni-
versity of California, Berkeley.
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Introduction

The present study of the genus Diplacus was begun in 1944
with two primary objects in view, one to ascertain the probable
biological relationships and evolution among the wild entities

(taxa, sing, taxon), and the other to discover and to produce more
desirable forms for garden ornamentals. I had been interested in

the taxonomic aspects of the genus for several years. The amount
of probable genetic variation which occurred in the field and in

the garden wherever two or more taxa came into contact was im-

pressive. Equally interesting was the lack of variation wherever
a taxon was geographically isolated from any other taxon. Mr.
Maunsell Van Rensselaer, director of the Santa Barbara Botanic
Garden, was interested in the group because of its ornamental
potentialities, and he suggested that studies be made of the genus
which would include both its taxonomic and ornamental aspects.

Because of the opportunity afforded for carrying on studies in-

volving both plant taxonomy and horticulture, a program of in-

vestigation was thus undertaken which called for extensive field

and herbarium studies, garden culture, and artificial hybridiza-

tion. The observations, experiments, speculations, and con-

clusions recorded in this paper represent the work done in the

field, in private and public gardens, at various herbaria listed

under acknowledgments, and at the William Joseph Mclnnes
Memorial Garden at Mills College, Oakland, California.

The genus Diplacus, or the section Diplacus of the genus

Mimulus of some authors, belongs to the Figwort Family, Scroph-

ulariaceae. As treated in this paper the genus consists of fourteen

named field entities, which are described as binomials, and numer-
ous unnamed hybrids and their derivatives. The plants, which
are usually soft-wooded, sub-shrubby, bushy perennials, are com-
monly known as Bush or Sticky Monkey-flowers.

Madrono, Vol. 11, No. 1, pp. 1-32. February 13, 1951.
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Choice of Names. Since this paper has been written for

horticulturists, nurserymen, and plant-minded laymen as well as
for botanists, and since complete agreement has not been reached
by botanists as to the status of species, subspecies, and varieties,

I have chosen to treat all these field entities (taxa) simply as bi-

nomials. Inasmuch as binomials to most botanists indicate
species, I have endeavored not to use the word species when
writing of these various entities. I must point out, however, that
if sterility and geographical distribution tests were the main
criteria applied in delimiting species and subspecies, then the
field entities of the genus Diplacus probably would be classified as

two taxonomic species, eleven subspecies, and numerous hybrids.

(See sections on Hybrids and Probable Biological Relationships
and Evolution.)

Acknowledgments. It is with sincere appreciation of the

assistance given and the courtesies shown by many individuals

during the progress of this study, that I take this opportunity to
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General Distribution

The fourteen natural entities of the genus Diplacus described
in the section on Taxonomic Treatment occur only in the western
United States and northern Mexico. In this area they are dis-

tributed from southwestern Oregon southward in the Coast
Ranges to the mountains of southern California and northern
Lower California, on the islands off the coast of southern Cali-
fornia and Lower California, and on the lower western slopes of
the Sierra Nevada from Butte and Plumas counties southward to

Tuolumne County and from Fresno County southward to the
Tehachapi Mountains (figs. 1,2).

No two entities have quite the same (sympatric) distribution,

but in several areas two or more entities overlap along the borders
of their geographical ranges. If these overlapping areas contain
disturbed habitats such as fireburns, erosion washes, landslides,

road cuts, change in land use, and other natural or man-made
upheavals, they most likely will be populated by a complex hybrid
swarm formed by the crossing of the invading entities and sub-

sequent backcrossing. Anderson (1948, 1949) refers to these

new habitats as "hybridized habitats", and to the complex of

intercrossing and backcrossing as "introgressive hybridization",

connotations deserving much consideration.

Most of the entities thrive best in rocky soils, commonly of

granitic origin, or in soils underlaid by decomposing rock in the

lower mountain canyons, road cuts, hillsides, or other areas where
rock surfaces are exposed. In most localities they occur as

successional plants, associated with the more permanent species

of the Northern Coastal Scrub and Closed-cone Pine plant com-
munities of the Oregonian Biotic Province and of the Coastal

Sage Scrub, Chaparral, Woodland and Southern Oak Woodland
plant communities of the Californian Biotic Province, and oc-

casionally with species of the Yellow Pine Forest community of

the Sierra Biotic Province (Munz and Keck, 1949).

In order to get a clear picture of the distribution of the various

natural entities, we shall begin in southwestern Oregon, the

northern limit of the geographical range for the genus. Here we
find D. aurantiacus which continues southward in California as far

as Santa Clara and Santa Cruz counties with very little variation

in morphological characters. In San Benito, Monterey, San Luis

Obispo, and northwestern Santa Barbara counties this northern

entity often shows the effects of contamination of genes from D.

fasciculatus and D. longiflorus. These forms will be discussed

further under the section dealing with natural hybrids.

On the eastern slope of the Pozo Range in central San Luis

Obispo County D. longiflorus occurs. Continuing in a south-

eastern swing around the southern end of the "Great Valley" in

the Tehachapi Mountains of Kern County to the southern Sierra
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Nevada, we find D. calycinus in a few scattered localities. As we
go northward along the western slope of the Sierra Nevada to

Fresno County, almost all plants of Diplacus are easily identified

as D. calycinus, but a few specimens appear to be intermediate
between D. calycinus and D. longiflorus, an entity which has been
found north of Bakersfield.

North of Fresno County lie Madera and Mariposa counties
where, to my knowledge, no specimens of Diplacus have ever been
found growing naturally. As we continue northward along the

lower Sierra Nevada into northern Tuolumne and extreme eastern
Stanislaus counties we again find D. aurantiacus, which extends
northward through Calaveras, Amador, eastern Sacramento, and
Eldorado counties to southwestern Placer County. A slight

hiatus in distribution now occurs, but as we enter the drainage
basin of the Bear River of Placer and Nevada counties we en-

counter D. grandiflorus. This entity occurs northward in the

granite canyon areas of the Yuba and Feather rivers in Sierra,

Yuba, Butte, and western Plumas counties. The divide between
the North Fork of the American River and the Bear River seems
to be a barrier separating D. aurantiacus of the central Sierra

Nevada from D. grandiflorus of the northern Sierra Nevada.
Returning to the South Coast Ranges, in southern San Luis

Obispo County and south into Santa Barbara County we find that

most specimens can be identified as D. aurantiacus, D. fasciculatus,

D. longiflorus, or D. lompocensis, but several appear to be hybrids
involving genes from these four entities. Plants on Lompoc
Mesa and adjacent areas appear to constitute an incipient "sub-

species", more closely resembling D. longiflorus than any other

entity. It is here described on p. 62 as a new species.

Thus far in our distributional itinerary we have encountered
plants with flowers which are yellow, buff, or orange in varying
hues. We meet our first plants with reddish flowers as we ap-

proach southeastern Ventura and western Los Angeles counties.

Here, associated with D. longiflorus, we find a red-flowered
Diplacus which has been called D. rutilus and which probably has

been derived as the result of introgressive hybridization involving

crosses between the yellow-flowered D. longiflorus and the red-

flowered D. puniceus. These plants resemble D. longiflorus , except
for color, and are found associated with that entity in several

scattered localities in Los Angeles, Orange, and western Riverside

counties, and in northern Lower California. Most of the plants

tested are homozygous for the red flower color.

In southeastern Los Angeles County, western Riverside

County, and in the Santa Ana Mountains of Orange County, plants

of D. longiflorus , D. rutilus, D. puniceus, and D. australis occur.

Wherever two or more of these entities overlap in their distribu-

tion, many hybrids are found and in some regions these hybrid

populations seem to dominate the areas to the near exclusion of
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DIPLACUS

D. aridus

D. aurantiacus

D. australis

4 D. calycinus

D. Clevelandii
D # fasciculatus

D. grandiflorus

Dm lompocensis
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D. rutilus

HybridsEKMETC

Fig. 1. Distribution of Diplacus in northern California and southern

Oregon.
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one or more of the probable ancestral parents. In the Trabuco
area of the Santa Ana Mountains, D. Clevelandii, a species usually
confined to the higher elevations, extends down to the lower
mountain slopes where it comes in contact with the lower eleva-

tion entities, D. longiflorus, D. puniceus, D. australis, and their hy-
brids. The effect of gene flow from D. Clevelandii into D. longi-

florus is quite evident in this area of contact.

In the Laguna Beach Canyon area of Orange County and
southeastward into extreme southwestern Riverside County and
central and western San Diego County we find D. puniceus and
D. australis, as well as many hybrid swarms in the areas of over-
lapping distribution of these two entities. No true D. longiflorus

occurs in these areas. At the higher elevations of the central

San Diego County mountains we again find D. Clevelandii. In

northeast central San Diego County we find the southernmost dis-

tribution of D. calycinus, an entity occurring in scattered localities

northward in the San Jacinto Mountains of Riverside County and
on the desert slopes of the San Bernardino Mountains in San
Bernardino County. In times past it probably continued along
the desert slopes of the San Gabriel Mountains of Los Angeles
County to the Tehachapi Mountains of Kern County where it

could easily have spread northward in the southern Sierra Nevada
and in the inner South Coast Ranges. In southeastern San Diego
County we find D. aridus. In northern Lower California, Mexico,
D. longiflorus, D. puniceus, D. australis, and hybrids involving these

entities occur.

Still left for consideration are the islands off the California

and Mexican coasts. Beginning at the north on Santa Rosa Is-

land we find D. parviflorus, D. longiflorus, and a few hybrid plants.

On Santa Cruz Island we find D. parviflorus, D. longiflorus, and
many specimens of hybrids of these two entities. On Anacapa
Island only D. parviflorus is known. Continuing southward to

Santa Catalina Island we find that most plants are with difficulty

assigned to any definite "species." They appear to represent a

complex of forms probably resulting from past crossing and sub-

sequent backcrossing of D. puniceus, D. australis, and probably

D. longiflorus. At present most of the plants show the effect of

genes from D. puniceus and D. australis. A few specimens from
San Clemente Island have been identified as D. parviflorus, al-

though one specimen (Nell Murbarger 33, UC 557829) appears

intermediate between D. parviflorus and D. puniceus. A few speci-

mens which were named D. stellatus by Kellogg have been col-

lected on Cedros Island, Mexico, but until more and better mate-

rial can be secured it is not possible to evaluate properly this

entity. At least three collectors visiting Cedros Island during

the past ten years have been unable to find any Diplacus growing

there. This entity may have become extinct due to drought and

over-browsing by goats.
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Representative localities and specimens for these natural

entities are cited in the section on Taxonomic Treatment.

General Morphology

Roots. The root system of Diplacus varies with the condi-

tions under which the plants grow. In granite clefts and on
rocky bluffs an extensive taproot develops, while lateral roots,

growing in available dirt-filled crevices, may spread from two to

four feet to reach a source of water. Where the soil is rocky,

but contains more water-holding humus, the taproot is usually

short and the lateral root system is not so deep. The roots do
not seem able to penetrate deeply into heavy soils, and when
grown in rather heavy garden soils, the plants develop a shallow,

weak root system.

Stems. The stems, which are always perennial and woody,
at least at or near the ground, vary from 1 to 8 feet in height.

The plants may be freely branched from the base or more erect

with fewer lateral branches. The bark on older stems cracks
and peels off in thin papery flakes. On the younger stems the

bark is smooth, usually somewhat glutinous, glabrous or hairy,

and green, yellow, or pale red in color.

Leaves. The leaves are simple, opposite, evergreen, and
sessile, or rarely short-petioled, those of the upper branches often
bearing in their axils short, lateral branchlets with several smaller
leaves. The blades are ^2 *° ^ inches long and vary in outline

from linear, to lanceolate, elliptic, or ovate. The upper surface
is glandular, glabrous or microscopically puberulent, and often

impressed-veiny, the lower surface glandular, glabrous or micro-
scopically puberulent to densely villous. The margins are entire

or toothed and often revolute.

A study of the internal anatomy of the leaf shows it to be of

the mesophytic type in spite of the dry habitats in which the
plants usually grow. The leaves are bifacial and vary in thick-

ness from 100 to 253[i. They are composed of an upper cuticle

layer 2.7 to 9.5|i thick; upper epidermis 5.4 to 19^1 thick; palisade

tissue of two to six layers of cells composing about one-half of

the mesophyll, the individual cells from 12 to 33(1 long; an ir-

regularly loosely arranged mass of spongy cells composing
nearly one-half of the mesophyll, the individual cells 9.4 to 19.6(1

in diameter; lower epidermis 2.7 to 10(x; and the lower cuticle

layer from negligible to 2.6\i. Sessile and stalked multicellular

glands usually occur on both surfaces. The trichomes (fig. 3,

a—s) vary from single and simple to branched and multicellular,

and from few and scattered on the upper surface to numerous
and densely matted on the lower surface. Ten measurements,
from leaves embedded in paraffin and sectioned, were made for

each of the seven characters listed above upon D. aridus, D. auran-
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tiacus, D. grandiflorus, D. calycinus, D. longiflorus, and D. puniceus.

The exudation from the leaf-glands of D. auraniiacus, accord-
ing to Sheffield (1949)^ is in the nature of a resin^ similar in some

Fig. 3. Variation in trichomes and calyces in Diplacus. Trichomes, a-s :

a-f, from leaves; g-j, from upper branchlets; k-p, from calyces; q-s, from
pedicels. Calyces, t—z: t, D. Clevelandii, glandular-hairy with bulbous base; u, D.
aridus, glabrous, with flared throat; v, D. calycinus, hairy, with flared throat;
w, D. puniceus, glabrous and trim; x, D. longiflorus, glandular-hairy and
swollen; y and z, D. aurantiacus, glabrous and expanding upward, small type
found in some plants. (Approximately natural size.)

respects to the exudation from the Creosote Busily Larrea divari-

cata, of the desert regions of the arid Southwest.
Flowers. The flowers are borne singly in the axils of the

upper leaves. The pedicels vary from % to 1 inch in length and
are glabrous to glandular-puberulent. The calyces (fig. 3, t—z)

,
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which are tubular-prismatic in outline, % to iy% inches long, and
glabrous to glandular-hairy, usually have a narrow tube which
gradually or abruptly expands into a swollen to flared throat

terminated by five unequal short teeth. The funnelform corollas

(fig. 4) are 1^ to 2y2 inches long, and of varying shades of

Fig. 4. Structure of the flowers of Diplacus.

yellow, orange, buff", and red. They are differentiated into a

distinct tube, throat, and limb. The tube is narrowly cylindrical,

y2 to 1% inches long, included within or exserted from the calyx,

and expands into a narrow funnelform or bell-shaped throat %
to 1 inch long bearing two yellow, longitudinal bands. The
bilabiate limb (fig. 5i) has a dorso-ventral spread of % to 2

inches, and the twro upper lobes, which usually extend at right

angles from the throat but may be recurved or extended slightly

forward, commonly have a pronounced lateral notch and a few to

several secondary serrations, or they may be nearly entire. The
three lower lobes have a lateral spread of % to 1^4 inches and
usually extend forward from the throat, but may be rotate or
slightly recurved. They commonly have small serrations at their

tips, but may be shallowly to deeply bifid or rarely entire. The
stamens (fig. 5d) are four, in two pairs of unequal length; the two
shorter are attached to the lower side of the tube near its junction
with the throat and the two longer are attached to the upper side

of the tube at about the same level. The filaments are typically

glabrous and often glandular. The anthers of each pair are con-
nivent and either included or exserted from the throat of the cor-

rolla. The single pistil (fig. 5d) has a small, glabrous ovary
and a slim, glabrous to glandular-puberulent style terminated by
two equal or subequal glandular-hairy, broadened stigma-lobes

(figs. 5e, f) which close when irritated mechanically or with
pollen. At anthesis, the open stigma extends above the anthers
and thus facilitates cross pollination by insects and humming
birds. The pollen (figs. 5a, 6a-h) when dry is broadly elliptical,

averaging 48^1 long and 32[l wide, and has five (4 to 7) longi-

tudinal furrows extending nearly to the rounded ends. The sur-

face is finely roughened or pitted as in an orange, or slightly

reticulate. When moist the pollen is broadly oval to nearly
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spherical. In all field entities, with the exception of D. Cleve-
landii, the pollen is usually 90 to 100 per cent fertile. In the few
flowers of D. Clevelandii examined the pollen varied from 33 to 70
per cent in fertility. The ovary (fig. 5c) is composed of two
carpels with parietal placentation, the placentae meeting but not
uniting in the center.

Fruit. The fruit (fig. 5h) is a firm, linear to ovate-oblong,
somewhat cylindrical, two-valved capsule % to 1 inch long, and is

enclosed in the dried calyx. It usually splits down the upper
suture, thereby exposing the flat surfaces of the two thin, papery
extensions of the flange-shaped placentae attached to the two
valves. The open fruit appears somewhat boat-shaped. In D.
Clevelandii the capsule (fig. 5g) when mature splits from the tip

along four lines.

Seeds. The numerous, small seeds (figs. 5b, 6c, d) averaging
about 1 mm. in length are broadly oval, tapering to either end,
and have finely roughened and reticulated surfaces. When the
capsules are open the seeds are hidden beneath the flanges of the
placentae.

Chemical Nature of the Benzene Extract from Stems and Leaves
of dlplacus aurantiacus

A sample of stems and leaves of Diplacus aurantiacus was
examined by the Research Department Experiment Station of the
Hercules Powder Company, Wilmington, Delaware, and the re-

sults communicated to me by Mr. O. H. Sheffield (1949). The
following analysis was reported for a 9.14 per cent yield of a dark
friable resinous residue obtained after removing the benzene and
liquid extract from the resin present

:

Acid number 57
Drop softening point 87, 88 °C.

Ultraviolet observations :

1. Similar to a fraction of the neutral bodies in resin

2. No abietic structure present
3. Has phenolic nature
4. Flavonic-type structure

"Only a trace of liquid extract was isolated by fractional dis-

tillation of the benzene. Both the resinous and the liquid extract

had an odor very similar to that of dry alfalfa.

"The resin in some respects seems similar to Creosote Bush

Explanation of the Figures. Figure 5.

Fig. 5. Floral morphology: a, pollen grain, X 375; b, seed, x 25; c, cross-

section of mature ovary showing two carpels and parietal placentae, x 10; d,

longitudinal section of corolla showing stamens in two pairs of unequal length,

and single pistil with bilobed stigma, x iy2 ; e, stigmatic lobes appressed, x 2;

f, stigmatic lobes open, x 2; g, mature fruit of D. Clevelandii, with four lines

of dehiscence from the apex, X 2; h, mature fruit typical of other species than
D. Clevelandii, x 2; i, corolla lobes showing variation in size and configuration,
x 1.



Fig. 5. Floral morphology.
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Fig. 6. Pollen and seeds in Diplacus. Dry pollen, X 450, a-e: a, D.
fasciculatus ; b, D. aridus; c, D. Clevelandii; d, D. puniceus; e, D. Clevelandii,
sterile grain. Fresh pollen of D. longijiorus, x 600, f-h: f, lateral view; g,
polar view; h, median optical view. Seeds, x 30, i-p: i, D. grandiflorus; j, T>.

longiflorus ; k, D. parviflorus ; I, D. australis; m, D. Clevelandii; n, D. auran-
tiacus; o, D. puniceus; p, D. aridus.
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Resin. Suggested uses for this resin included varnishes, insulat-

ing compounds, adhesives, sizes and rubber compounding."

Cytology

Cytological investigations on Diplacus were carried on by Dr.

G. Ledyard Stebbins, Jr. and Mr. Leon Snyder at the College of

Agriculture, Division of Genetics, University of California,

Berkeley, California. The cytology of the pollen mother cells

of five species and one hybrid was investigated for their chromo-
some numbers. From material obtained from living plants in the

garden of Dr. H. L. Mason in Berkeley, Stebbins reported the

diploid number for both D. calycinus and D. puniceus to be (2n =)

20. Likewise, that of D. fasciculatus, based on material obtained
from living plants growing in the wild state on the Francis Simes
Hastings Natural History Reservation in northern Monterey
County, is presumed to be (2n =) 20, since Stebbins reported the

haploid number as (n =) 10. Snyder further reported n = 10 for

D. Clevelandii (Santa Ana Mts., McMinn Lot 2-2), n = 10 for D.
aridus (Jacumba, McMinn Lot 4), and n = 10 for D. longiflorus X
D. Clevelandii (Santa Ana Mts., McMinn Lot 17) (fig. 7).

According to Snyder ( 1949), the material was fixed in a 3 to 1

mixture of absolute alcohol and glacial acetic acid respectively

for twenty-four hours and then stored in 70 per cent alcohol. It

was subsequently smeared in propionic carmine, after acetocar-

mine was tried with no great success. With propionic carmine,
the chromosomes were distinctly differentiated from the surround-
ing cytoplasm, since this reagent does not stain the cytoplasm so

deeply as does acetocarmine. The slides containing smears of

D. aridus and D. Clevelandii were subsequently destained with
acetic acid to lighten the cytoplasm even more.

From these investigations, it appears that all meiotic divisions

are regular and that n = 10 is probably the haploid number for all

the entities of this relatively small genus. This number and the

regularity in the behavior of the chromosomes during meiosis

seem to indicate that any cytological barriers to the successful

crossing of the field entities must be in the nature of gene incom-
patibilities. Such barriers must be of only slight consequence,
for, as will be later shown, artificial hybrids involving nearly all

of the field entities have been easily and successfully produced.

Taxonomic Treatment

Diplacus Nutt. Taylor's Ann. Nat. Hist. Ser. 1, no. 1 : 137

(1838). Name proposed October 12, 1837.

Mimulus section Diplacus. Gray, Proc. Am. Acad. 11: 97

(1876) ; Bot. Calif. 1 : 565 (1876).

Nearly evergreen subshrubs or shrubs, 1 to 3 or rarely 8 feet

tall, with branches erect or spreading from near the base and with
glandular and glabrous, viscid-pubescent, or villous herbage.
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Fig. 7. Photomicrographs of chromosomes from temporary smears pre-

pared by Leon Snyder, x 3390: a, diakineses, D. Clevelandii; b, first metaphase,
D. longiflorus x D. Clevelandii, Lot 17 ;

c, first metaphase, D. aridus.
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Leaves simple, opposite, sessile or rarely short-petioled, often
apparently clustered on short lateral branchlets borne in the axils

of the upper stem-leaves ; blades linear, lanceolate, elliptic, ob-
long-lanceolate, or ovate

;
margins entire or toothed and often

revolute. Flowers bisexual, irregular, borne singly in the axils of

the upper leaves
;
pedicels % to 1 inch long; sepals 5, joined into a

narrow tube which gradually or abruptly expands into a throat

terminated by 5 unequal short teeth; corolla of varying shades of

yellow, orange, buff, and red, 5-lobed, the funnelform tube ex-

panding above into a throat and bilabiate limb ; stamens 4, dis-

tinct, in 2 pairs of unequal length, attached to the corolla-tube
;

pistil 1, with 2 carpels, the ovary superior and with parietal

placentae. Fruit a linear or oblong-cylindrical, 2-valved capsule.

Seeds small, numerous, broadly oval, with finely roughened and
reticulated surfaces.

Artificial Key to the Field Entities

I. Plant nearly herbaceous, woody only at

base; leaves finely glandular-pubescent

on both surfaces; calyces usually swol-

len at base ; corollas deep lemon-yellow,

the tube not exserted beyond the calyx-

throat, the lobes about equal and nearly

entire; capsules % to y2 inch long,

splitting at the apex into 4 sharp-

pointed divisions; Santa Ana Mount-
ains and the high mountains of San
Diego County 1. D. Clevelandii, p. 51

II. Plants distinctly woody at and above
the base, often distinctly shrubby;
leaves not glandular-pubescent above,

glabrous or more or less glandular and
pubescent beneath; calyces not swol-
len at base; capsules % to 1 inch long,

splitting along the upper suture and
thus becoming boat-shaped when ma-
ture.

A. Corollas orange, copper, yellow, buff,

cream-colored, or nearly white, never
truly red.

1. Calyces, lower leaf-surfaces, and
upper branchlets glabrous or mi-
croscopically to barely visibly

glandular-puberulent.
a. Leaves slightly to distinctly im-

pressed-veiny above ; corolla-

tube typically not exserted be-
yond the calyx-throat.

Corollas deep orange to yellow-
orange.

Corollas % to 1% inches broad;
leaves distinctly impressed-
veiny above; calyces, pedi-
cels, and lower surface of
upper leaves often with a
close coat of minute hairs;
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North and South Coast
Ranges and lower, middle
altitudes of the central

Sierra Nevada 2. D. aurantiacus, p. 54

Corollas less than % inch broad;
Cedros Island 13. D. stellatus, p. 84

Corollas light orange, orange-yel-

low, cream-colored to nearly
buff, the inner side of throat

typically buff or nearly white,

iy8 to iy2 inches broad;
leaves only slightly impressed-
veiny above.

Calyces slender, scarcely broad-
ening upward; calyces, pedi-

cels, young branchlets, and
lower surface of upper
leaves glabrous; southern
California and northern
Lower California 3. D. australis, p. 58

Calyces swollen, expanding more
or less above the tube into

the throat which is typically

somewhat contracted toward
the summit; calyces, pedi-

cels, young branchlets, and
lower surface of upper
leaves minutely pubescent

;

South Coast Ranges 4. D. lompocensis, p. 62

». Leaves not impressed-veiny
above; corolla-tube usually ex-

serted beyond the calyx-throat.

Corollas light lemon-yellow, % to

1 inch broad, the lobes scarcely
notched, distinctly recurved;
calyces expanding abruptly
above the narrow tube into a
skirt-like throat and limb;
southeastern San Diego
County 5. D. aridus, p. 63

Corollas warm buff to orange-yel-
low, iy2 to 2 inches broad, the
lobes distinctly notched (vari-

able in x D. linearis).

Leaves oblong-elliptic to elliptic,

1 to 2y2 inches long, % to

% inch wide; flowers 2% to

2% inches long; northern
Sierra Nevada 6. D. grandiflorus, p. 65

Leaves linear-oblong, % to 2%
inches long, % to % or
rarely to y> inch wide;
South Coast Ranges.

Flowers iy> to 2% inches long 7. D. fasciculatus, p. 70
Flowers typically 1 to l l/2

inches long, but variable 14. X D. linearis, p. 86
Calyces, lower leaf-surfaces, and
upper branchlets visibly pubescent
to woolly; pedicels about % inch
long.
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Corollas light lemon-yellow, the tube

usually exserted beyond the

calyx-throat, the lobes commonly
rotate; calyces usually abruptly

flared above the tube, densely

pubescent to woolly ; inner South
Coast Ranges, southern Sierra

Nevada and southward 8. D. calycinus, p. 73

Corollas orange, orange-yellow,

cream-colored to nearly white,

the tube included, the three

lower lobes extending forward,

the two upper lobes extending at

right angles or slightly recurved
from the throat; middle South
Coast Ranges, southward, and
the islands off the coast of south-

ern California 9. D. longiflorus, p. 76

B. Corollas red or shaded with red over

yellow.

Pedicels typically % to 1 inch long,

glabrous.

Leaves rarely as much as 3 or 4

times longer than broad, broadly
elliptic, ovate, or oblanceolate

;

corolla-limb not over % inch

broad, the lobes nearly equal and
only slightly if at all notched,

scarcely spreading; Santa Rosa,
Santa Cruz, Anacapa, and San
Clemente islands 10. D. parviflorus, p. 80

Leaves usually 3 or 4 times longer
than broad, linear or linear-

lanceolate to elliptic; corolla-

limb % inch or more broad, the

lobes unequal and slightly

toothed or notched, distinctly

spreading; southern California,

northern Lower California and,
in less typical form, on Santa
Catalina Island 11. D. puniceus, p. 81

Pedicels typically less than % inch
long.

Calyces, lower leaf-surfaces, upper
branchlets, and pedicels dis-

tinctly glandular-hairy; southern
California 12. D. rutilus, p. 83

Calyces, lower leaf-surfaces, upper
branchlets, and pedicels not visi-

bly hairy; corollas varying from
red to yellow on the same plant
or among plants of the same
colony; southern California . . . .11. D. puniceus x D. australis, p. 83

1. Diplacus Clevelandii (T. S. Brandg.) Greene. Cleveland
Diplacus. Figs. 8, 25-1.

An erect freely branching perennial, 1 to 2 feet high, with
herbaceous villous-pubescent and usually glandular-hairy steins
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Fig. 8. Diplacus Clevelandii (T. S. Brandg.) Greene. (Mimulus Cleve-
landii T. S. Brandg.)
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which are woody only at base. Leaves of two types : spring and
early summer stem-leaves 1 to 3 inches long, % to 1 inch wide,

lanceolate or oblong-lanceolate to elliptic, tapering to a broad
sessile base, the upper surface yellow-green, distinctly impressed-
veiny, finely hairy, the lower surface paler, distinctly hairy, often

glandular, somewhat glutinous, the margin entire to usually

toothed along the upper two-thirds, slightly to distinctly revolute
;

later summer and fall leaves much smaller, usually clustered on
the lateral branches. Flowers borne singly in the axils of the

main stem- and branch-leaves or on the smaller axillary branches
which become naked in late summer and fall

;
pedicels % to 14

inch long, glandular-pubescent; calyx % to l 1̂ inches long, the

tube bulbous at base, constricted above the ovary and then ex-

panding into a broader tubular-funnelform throat, glandular-hairy

externally, becoming membranous in age and ultimately falling

away from the fruit; corolla deep lemon yellow, 1*4 to 1%
inches long, pubescent externally, the tube included, about ^
inch long, the throat expanding abruptly from the tube, about %
inch long, with 2 rows of orange-colored dots internally on lower
side, the limb with a dorso-ventral spread of 1 to 1% inches and
a lateral spread of the 3 lower lobes of about 1 inch, the two upper
lobes irregularly notched to nearly entire, slightly to distinctly

recurved from the throat, the 3 lower lobes entire to finely

toothed, extending forward away from the throat with only a

slight curve ; stamens included
;
style with stigma included. Cap-

sule % to % inch long, somewhat quadrangular, when mature
splitting at apex along 4 lines. Flowering period, May to July.

Distribution. Cleveland Diplacus is known in southern Cali-

fornia from elevations of about 3000 to 6000 feet on Tecate,
Guatay, Laguna, Cuyamaca, and Palomar mountains of San Diego
County and in the higher elevations of the Santa Ana Mountains
of Riverside and Orange counties. It occurs in dry soil, often in

disturbed areas, along roadsides, and in the open borders of woods
and chaparral.

Representative localities and specimens. California. San Diego Co.:

Otay Mt., F. F. Gander 2875 (SD) ; Tecate Mt. summit, C. F. Harbison 8c

Stoves (SD 26023) ;
high mountains near Descanso, T. 8. Brandegee (UC

125167) ; Guatay Mt., Cuyamaca Quad., el. 4500 ft., N. French 230 (UC-VTM)
;

Laguna Mts., el. 4200 ft., P. A. Munz 9758 (UC) ; hills e. of Pine Valley, F. R.
Fosberg 8^37 (UC) ;

Nigger Grade, Palomar Mt., "el. 4500 ft.?", C. V. Meyer
192 (UC) ;

Cuyamaca Peak, T. 8. Brandegee, (G, isotype)
; Laguna Junction,

Epling, Darsie, Knox, Robison 107 (K, BM). Riverside Co.: Glen Ivy Trail to
Santiago Peak, el. 4000 ft., P. A. Munz 7062 (UC, P, G)

;
along Indian Canyon

Truck Trail, Santa Ana Mts., el. 3150 ft., H. E. McMinn 8c M. Van Rensselaer
1897 (UC). Orange Co.: upper part of Indian Canyon Truck Trail, el. 4054 ft.,

near boundary between Riverside and Orange counties, H. E. McMinn 8c M. Van
Rensselaer 1898, 1899 (UC) ; Holy Jim Canyon to Santiago Peak, el. 3000 to
5200 ft., P. A. Munz 7768 (P) ; Trabuco Peak, el. 4000 ft., Santa Ana Mts., W.
Pequegnat (P 256712).

Type. ".
. . on the south side of Cuyamaca Peak, . . . not far from the

signal station on its summit," San Diego County, California, July 7, 1894, T. 8.
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Brandegee (UC 103634; isotypes, P 43251, G). "It grows in patches, spreading
by underground roots [stems?] at . . . elevation over 6000 ft. . .

."

References. Diplacus Clevelandii (T. S. Brandg.) Greene, Erythea 4: 22
(1896). Mimulus Clevelandii T. S. Brandg., Gard. & For. 8: 134, fig. 20, p.
135 (1895).

2. Diplacus aurantiacus (Curt.) Jepson. Northern Diplacus.

Orange Monkey-Flower. Figs. 9, 10.

An erect profusely branched shrub, often scraggly and the
branches somewhat decumbent in age, 2 to 4 or rarely up to 8 feet
high, with the stems, branches, and foliage puberulent to nearly
glabrous but glandular and glutinous. Leaves 1 to 2 inches long,
or longer on shaded plants and new growth, ^ to % inch wide,
oblong-lanceolate or oblong-elliptic to nearly linear, the upper
surface dark green, dull to shiny, distinctly impressed-veiny,
nearly glabrous but glandular, the lower surface paler, usually
with numerous simple and branched glandular and non-glandular
hairs, the margin entire or denticulate to coarsely toothed, often
revolute, the axils commonly with short branches bearing several
smaller linear leaves. Pedicels 5/16 to % inch long, glandular-
puberulent; calyx % to l 1/^ inches long, tubular, only slightly and
gradually broadening upward, glandular, glabrous to slightly

pubescent with few scattered long thin hairs or short stout uni-

cellular unbranched hairs ; corolla deep orange to yellow-orange,

1% to 1% inches long, the tube % to % inch long, included, gradu-
ally enlarging upward into a funnelform throat % to % inch long,

the limb with a dorso-ventral spread of % to l 1/^ (1%) inches and
a lateral spread of the 3 lower lobes of % to 1% inches, the 2

npper lobes extending at right angles to or slightly bent forward
or backward from the throat, laterally notched and entire to finely

and irregularly toothed, the 3 lower lobes extending forward,
mostly truncate or rounded, nearly entire to variously and shal-

lowly notched or toothed; stamens with glabrous filaments, their

anthers included or the 2 upper anthers slightly exserted
;
style

with commonly exserted equal stigma-lobes. Capsule % to % inch

long, opening along upper suture. Flowering period, March to

July, or sometimes with a few flowers nearly throughout the year.

Distribution. Northern Diplacus inhabits rocky hillsides,

cliffs, canyon-slopes, sometimes invading open forests, and
borders of chaparral areas, from Coos County, Oregon, southward
in the Coast Ranges of California to Santa Barbara County and in

the Sierra Nevada from Placer County southward to Tuolume
County. Forms intermediate between D. fasciculatus and D. longi-

fiorus occur in the South Coast Ranges where these taxa overlap in

their distribution. (See D. fasciculatus and D. longiflorus). In the

inner South Coast Ranges of Stanislaus and San Benito counties

and other extremely dry situations, the plants are more glandular-

pubescent on the upper stems and calyces, thus approaching D.

longiflorus.
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Representative localities and specimens. Coast Ranges. Oregon. Coos
Co.: near Stout Memorial Park, M. A. Badcliffe (D 298707). Curry Co.: rocky
seaward slopes near Brookings, J. W. Thompson 12540 (UC, MO, G) ; 3 mi. n. of
Brookings, Doris Kildale 6999 (D). California. Del Norte Co.: at Douglas
Park on Smith River, /. W. Thompson 1$Q32 (MO). Humboldt Co.: 1% mi.

sw. of Orick, el. 500 ft. (pedicels and upper branchlets glandular-pubescent),
G. T. Nordstrom 1437 (UC-VTM) ; hills s. of Ferndale, A. E. Wieslander 217
(UC-VTM). Mendocino Co.: 7 mi. above mouth of Navarro River in Sequoia
sempervirens forest (branches decumbent), L. Constance 2512 (UC) ; near
Ukiah, Carl Purdy (UC 26687). Sonoma Co.: along road from Kenwood to

Oakville, H. E. McMinn 5454 (UC); head of Hooker Canyon, /. B. Spring 69

(UC-VTM). Lake Co.: SV2 mi. sw. of Upper Lake, el. 2100 ft., K. Bradshaw
93 (UC-VTM); Mt. Konocti, el. 3000 ft., W. Blankenship (MO 997168).
Marin Co.: Mt. Vision, H. E. McMinn 5528 (UC) ; Muir Woods, el. 450 ft.,

N. French 637 (UC-VTM); near Bolinas, M. T. Doutt 143 (CM), pedicels up
to V2 inch long. Solano Co.: Gates Canyon, near Vacaville, A. A. Heller H.
E. Brown 5388 (P). Napa Co.: White Sulphur Springs, St. Helena, H. P.

Chandler 7588 (UC). San Francisco Co.: Mt. Davidson, Ynez Wijidblad (CA
308314). Contra Costa Co.: Mt. Diablo, inside of State Park along road from
Danville, H. E. McMinn 5455 (UC). Alameda Co.: se. side of Redwood Ridge,
L. Constance 471 (UC); Oakland hills n. of Mills College, H. E. McMinn 5456
(UC); on cliffs between Tesla and Corral Hollow, Boxana Ferris 7881 (UC) ;

Cedar Mt., A. D.E. Elmer 4355 (MO). Santa Clara Co.: western side of Mt.
Hamilton Range, el. 2000 ft., H. K. Sharsmith 1390 (UC) ; foothills near
Stanford, C. F. Baker 280 (UC). Stanislaus Co.: 9 mi. above mouth of Arroyo
del Puerto, el. 1200 ft., H. K. Sharsmith I649 (UC). San Mateo Co.: Kings Mt.,

E. W. Bust 127 (UC-C1) ; halfway up La Honda Grade, C. B. Wolf I8O4 (UC).
Santa Cruz Co.: near Santa Cruz, M. E. Jones 2250 (P), (long internodes,

large, toothed leaves, and pedicels up to 2 inches long) ; % mi. ne. of Glenwood,
el. 1600 ft., W. W. Akey 76 (UC-VTM). San Benito Co.: 5 mi. e. of Paicines,

on road to Panoche, el. 1600 ft. (glandular-pubescent form), H. E. McMinn
5529 (UC); Pinnacles National Monument, /. T. Howell 4607 (CA). Mon-
terey Co.: Point Lobos State Park, E. Lee $ H. L. Mason 9203 (UC) ; near
Big Sur P. O., H. E. McMinn (UC) (hybrid series with D. fasciculatus 5481-

0484) ;
open pine forest, Pacific Grove, 8. B. Parish 11502 (MO) (pedicels % to

1% inches long). San Luis Obispo Co.: 1 mi. s. of Indian Knob, Arroyo Grande
Quad., el. 350 ft., H. C. Lee 387 (UC-VTM) ; Hazard Canyon, H. E. McMinn
4351 (UC). Santa Barbara Co.: Harris Grade to Lompoc, H. L. Mason 387

(UC); same locality, H. E. McMinn 3853 (UC) ; 5 mi. s. of Surf, % mi. from
sand dunes, Boxana Ferris 7581 (D, UC, P) ; Point Sal, Balph Hoffman (SM
11485). These Santa Barbara County specimens are very closely related to

D. lompocensis.
Sierra Nevada. California. Tuolumne Co.: s. side of Stanislaus River,

ca. 4 mi. n. of Columbia, H. E. McMinn 5606, 5607, 5608 (UC) ; in chaparral
above Indian Creek, el. 1200 ft., Mrs. W. J. Williamson (P 21011). Calaveras
Co.: near Burson, el. 500 ft., in gravel on railroad embankment, E. E. Stanford
2239 (P). Amador Co.: lone hills, with Arctostaphylos myrtifolia, H. E. Mc-
Minn 5514 (UC); V2 mi. se. of lone, el. 500 ft., B. I). Boseberry 551 (UC-
VTM); 2V4 mi. nw. of Sugarloaf Peak, G. T. Nordstrom 693 (UC-VTM).
Eldorado Co.: "decumbent shrub, 2-3 ft. high", 3.8 mi. s. of Eldorado, L. Con-
stance 2473 (CA, UC, MO, P) ; South Fork American River, near Coloma,
H. E. McMinn 5515 (UC). Placer Co.: near Rattlesnake Bridge, Sacramento
Quad., el. 300 ft., N. French 44 (UC-VTM). Sacramento Co.: American River,
bridge at Folsom, Lot 7, H. E. McMinn (UC). Stanislaus Co.: Knights Ferry,
F. W. Bancroft (UC 26693).

Type. "Port Trinidad, California", 1792-1794, Menzies (BM and Acad.
Nat. Sci. Philad.; these specimens good matches, both marked "Type"). On
the back of the British Museum sheet is an annotation: "1. Hort. Kew 1795 ex
California 2. California at Port Trinidad, M. Menzies." (Fig. 10.)

References. Diplacus aurantiacus (Curt.) Jepson, Man. p. 919 (1925).



Fig. 10. Type of Diplacus aurantiacus (Curt.) Jepson. (Mimulus auranti-

acus Curt.) Specimen at the British Museum of Natural History.



58 MADRONO [Vol. 11

Mimulus aurantiacus Curt., Bot. Mag. 10:1. 354 (1796). Colored plate

opposite page of description. "Flowers . . . nearly twice the size of those of

(M.) ringens, uniformly pale orange."; Grant in Ann. Mo. Bot. Gard. 11:338

(1924).
Mimulus glutinosus Wendl., Bot. Beobacht. 51 (1798) ;

Jacq. Hort.
Schoenber 3: pi. 364 (1798); Benth., Scroph. Ind. 28 (1835); Hook. & Arn.,

Beechey's Voyage, 154 (1841); Gray, Bot. Calif. 1:565 (1876), and Syn. Fl. N.
Am. 2:275 (1878), ed. 2, and Suppl. 442 (1886).

Mimulus glutinosus Willd., Sp. PI. 3: pars 1, 361 (1800). Name only.

Mimulus viscosus Moench, Suppl. ad Meth. pi. Hort. Marburg, 168 (1802).

Diplacus latifolius Nutt., Mss. (Oct. 12, 1837); Taylor's Ann. Nat. Hist.

1: no. 2, 138 (1838); Curtis, Bot. Mag. new ser. 12: under pi. 3655 (1838).
Diplacus leptanthus Nutt. (fig. 11) Mss. Oct. 12, 1837); Taylor's Ann. Nat.

Hist. 1: no. 2, 138 (1838) as Diplacus leptantha; Curtis, Bot. Mag. new ser. 12:

under pi. 3655 (1838), "Hab. California, Arch. Menzies, Esq. Described from
specimens in the Herbarium of the Academy of Nat. Sciences of Philadelphia,

which had been communicated by Sir Wm. Jackson Hooker to the late Dr.
Schweinitz."

Diplacus glutinosus Nutt., Mss. (Oct. 12, 1837) ;
Taylor's Ann. Nat. Hist.

1: no. 2, 138 (1838) as Diplacus glutinosa; Curtis Bot. Mag. new ser. 12: under
pi. 3655 (1838); Benth., DC. Prodr. 10:368 (1846); Greene, Bull. Calif. Acad.
Sci. 1:95 (1885), and in Pittonia 2:154 (1890).

Diplacus aurantius G. Don, Sweet Hort. Brit. ed. 3, 516 (1839). Name only,

probably a misspelling for aurantiacus.

Diplacus glutinosus var. aurantiacus (Curt.) Lindl., in Paxt. Fl. Gard. 3:

under pi. 92, opposite page 95 (1852-1853); Planchon, Fl. Des Serres et Des
Jardins De L'Europe, Ann. Gen. D'Hort. 9; under pi. 883 (1853-1854). The
colored plate no. 883 of D. glutinosus grandiflorus, facing p. 71, is D. grandi-
florus (Lindl.) J. Gronl.

Diplacus glutinosus var. latifolius Greene, Pittonia 2: 155 (1890).

3. Diplacus australis nom. nov. San Diego Diplacus. Fig. 12.

An erect profusely branched shrub, iy2 to 3 feet high, with
glabrous or microscopically glandular-puberulent stems, branches,
and leaves, the upper stems and branches often reddish. Leaves
1 to 2y2 or rarely to Sy2 inches long, % to % inch wide, linear-

lanceolate, oblong-elliptic to narrowly elliptic or lanceolate, the
upper surface green, glabrous, somewhat impressed-veiny, the

lower surface lighter green, glabrous, glutinous, the margin finely

toothed or nearly entire, often revolute, the axils frequently with
short branchlets bearing several smaller leaves. Pedicels 3/16
to % inch long, glabrous; calyx % to 1^4 inches long, tubular or

slightly expanding upward into the throat ; corolla orange-yellow

to light apricot or buff to nearly white, 1% to 2 inches long, the

tube included, % to % inch long, the throat funnelform, about

% inch long, the limb with a dorso-ventral spread of 1*4 to iy2
inches and a lateral spread of the 3 lower lobes of 1 to 1^4 inches,

the 2 upper lobes with a lateral notch and usually with several

small irregular teeth and extending at right angles or slightly re-

curving from the throat, the 3 lower lobes finely and irregularly

toothed to nearly entire at their truncate tips, curving forward

from the throat; stamens included; style with stigma included.

Capsule about y2 inch long, opening along the upper suture.

Flowering period, March to July.
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Fig. 11. Type of Diplacus leptanthus Nutt. [Diplacus aurantiacus (Curt.)

Jepson]. Specimen at the Philadelphia Academy of Natural Sciences.
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Distribution. San Diego Diplacus is restricted to southern-
most California and adjacent Mexico. It occurs on burned-over
hillsides and otherwise disturbed areas and on granite cliffs,

mainly in central and western San Diego County and at a few
scattered localities in Orange and eastern Riverside counties and
in northern Lower California. On Santa Catalina Island, plants

intermediate between this entity and D. puniceus occur.

Representative localities and specimens. Lower California, Mexico: "In

scant chaparral on hillsides 23 mi. s. of Ensenada," I. L. Wiggins <§• D. Demaree
4707 (D, CA, UC, P, G) (calyx slightly glandular-puberulent) ; Johnson Ranch,
San Antonio del Mar, F. F. Gander 7348 (SD); near San Rafael, 0. B. Orcutt

1295 (MO, G). California. San Diego Co.: hills near Ysidora, L. B. Abrarns

3287 (NY, P, G) ; hills between Campo and Potrero, L. B. Abrams 3716 (P, G) ;

15 mi. w. of Jacumba, between Newton and La Posta, D. A. Johansen $ J. A.
Ewan 7162 (P) ; 2 mi. w. of Live Oak Springs, F. F. Gander 5717 (SD) ; e. of

Alpine, Highway 80, H. E. McMinn 5595 (UC) : ca. 6 mi. nw. of Boulevard, High-
way 80, H. E. McMinn 5596 (UC) ; Barrett Dam, P. A. Munz 7993 (P) ; hillside

% mi. w. of Dehesa School, F. F. Gander 5063 (SD) : near se. base of El Capitan
(El Cajon Mts.), F. F. Gander 8448 (SD) ; ca. 3 mi. e. of Flinn Springs, H. E.
McMinn # M. Van Rensselaer 1906 (UC) ; Barona Valley, F. F. Gander 2176
(SD); 5 mi. s. of Mesa Grande on Black Canyon Road, F. F. Gander 2004
(SD); grade above Henshaw Dam, F. F. Gander 6349 (SD); Ramona, T. 8.

Brandegee (UC 103642) ; Herron Ranch, near De Luz, F. F. Gander 8260 (SD)
(approaches D. puniceus) ; hills 2 mi. s. of San Onofre, 7. L. Wiggins 3021
(D, UC); San Diego, Calif., D. Cleveland 6096 (MO). Orange Co.: about
2 mi. e. of San Juan Capistrano on San Juan Pass Road (Highway 74), H. E.
McMinn (UC) ; 2 mi. e. of San Juan Hot Springs, Alice Eastwood <§ /. T.

Howell 3929 (CA) ; head of Silverado Canyon, Corona Quad., el. 3500 ft., A.
Lewis 365 (UC-VTM) ;

Santiago Canyon, H. M. Hall 9403 (UC) (in a series

with 9404, 9405 constituting a hybrid swarm of D. puniceus x D. australis)
;

Laguna Canyon, ca. 2 mi. ne. of Laguna Beach, M. Van Bensselaer 1876 (UC),
"Shrub about 7 ft. tall with trunk % inch in dia. at base." Riverside Co.: Indian
Canyon Truck Trail to summit of ridge, Santa Ana Mts., el, 2800 ft., H. E.
McMinn <§• M. Van Bensselaer 1892, 1893 (UC) (belonging to a hybrid series

of D. longiflorus X D. australis) ; San Juan Canyon, el. 1700 ft., Elsinore Quad.,
Sec. 1. T 7 S, R 6 W, A. Lewis 407 (UC-VTM). Los Angeles Co.: foothills of

Flint Ridge, Pasadena, G. T. Hastings, July 9, 1927 (NY).
Type. Descanso Grade, San Diego County, California, June, 1906,

Katherine Brandegee (UC 126069).

References. Diplacus australis McMinn. This San Diego County entity

has usually been considered as D. longiflorus var. linearis (Benth.) McMinn or
D. linearis (Benth.) Greene. However, the name linearis is not tenable here
because it was applied by Bentham to another and quite distinct entity from
Monterey County. The name D. australis is here proposed for these more
southerly plants.

Diplacus linearis (Benth.) Greene, Pittonia 2: 156 (1890), as to specimens
cited, location, and description but not as to type. The type of what Greene
thought was Mimulus linearis Benth. is a Douglas specimen, fig. 24, collected
very probably in Monterey County. It has narrow linear leaves which are not
at all impressed-veiny above. After comparing the type specimen at the British

Museum of Natural History and part of the type at the New York Botanical
Garden, with abundant material in the field and garden, I am of the opinion
that D. linearis (Benth.) represents one of the numerous hybrid forms be-
tween D. aurantiacus and D. fasciculatus found in Monterey County (see p.

87). Such hybrids occur along the Big Sur River and in the upper Carmel River
Valley where Douglas was known to have collected. (See section on Natural
Hybrids, D. aurantiacus x fasciculatus.)



Fig. 12. Diplacus australis McMinn.
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Mimulus longiflorus var. linearis (Benth.), as misinterpreted by Grant,
Ann. Mo. Bot. Gard. 11: 334 (1924). Not M. linearis Benth., Scroph. Ind. 27

(1835).

Diplacus longiflorus var. linearis (Benth.) McMinn, 111. Man. Calif.

Shrubs 498 (1939).

4. Diplacus lompocensis sp. nov. Lompoc Diplacus.

Herba erecto parce ramosa 3.5—10 dm. alta caulibus ramisque
brunneis glabris vel paulo puberulis. Folia lineari-oblonga vel

lanceolata vel elliptica 2.5—5 cm. longa 3—13 mm. lata supra atro-

viridia opaca vel nitida impresso-venosa glabra indumento glandu-
loso obtecta subtus pallidiora pilis simplicibus ramosisque obsita

marginibus integris vel glanduloso-denticulatis aspectu aestivali

auctumnalique plerumque revolutis. Flores palide aurantio-lutei

pedicellis 3—7 mm. longis minutissime glanduloso-puberulis caly-

cibus minute glanduloso-puberulis basi tubulatis 18—28 mm. longis

ad os versus in faucem tumidam demum ad apicem versus paulo
angustatam dilatatis corollis 3.5—5 cm. longis tubo incluso plus

minusve 12 mm. longo in faucem infundibuliformem 18—2 5 mm.
longam aliquanto abrupte ampliato limbo recte 28—38 mm. meti-

ente lobis tribus inferioribus productis plerumque apicibus trun-

catis dentibus irregularibus duobus usque ad sex instructis late

28—32 mm. metientibus lobis duobus superioribus a latere incisis

ceterum integris vel irregulariter dentatis ex apice recte divergen-

tibus vel paulo recurvatis filamentis glabris antheris inclusis stylo

glandulis stipitatis instructo eius lobis subaequalibus in corollae

fauce inclusis. Capsula per suturam dorsalem dehiscens.

An erect sparsely branched shrub, 1 to 3 feet high, with
brown, glabrous to slightly puberulent stems and branches.

Leaves 1 to 3 inches long, l/
8 to % inch wide, linear-oblong,

lanceolate, or elliptical, the upper surface dark green, dull to

shiny, impressed-veiny, glabrous, glandular, the lower surface

paler, with simple and branched glandular pubescence, the mar-
gin entire to glandular-denticulate, commonly revolute in the

summer and fall foliage. Pedicels % to 5/16 inch long, micro-

scopically glandular-puberulent
;
calyx % to 1% inches long,

tubular at base, expanding upward into a swollen throat which
becomes somewhat contracted toward apex, minutely glandular-

puberulent; corolla light orange-yellow, 1% to 2 inches long, the

tube about y2 inch long, included, rather abruptly enlarged into

a funnelform throat % to 1 inch long, the limb with a dorso-ven-

tral spread of 1% to 1% inches and a lateral spread of the 3

lower lobes of 1% to 1% inches, the upper 2 lobes extending at

right angles or slightly recurved from the throat, laterally notched

and entire to irregularly toothed, the lower 3 lobes extending

forward, mostly truncate and with 2 to 6 irregular teeth at apex;

stamens with glabrous filaments, their anthers included; style

with minute stipitate glands, the stigma-lobes subequal, included

within the throat of corolla. Capsule % to % inch long, opening
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along the upper suture. Flowering period, March to July.

Distribution. Lompoc Diplacus occurs in a limited coastal

area on the chaparral-covered slopes of Lompoc Mesa and ad-

jacent low hills in Santa Barbara County, California, in extreme
southern San Luis Obispo County, and probably in western Ven-
tura County. It occupies a region situated at the southern distribu-

tion of D. aurantiacus and at the northern distribution of the major
populations of D. longifiorus. Many of its characteristics are in-

termediate between these two taxa. (See Biological Relation-

ships.)

Representative localities and specimens. California. Santa Barbara Co.:

road bank, edge of open woodland, along Highway 1 from Lompoc to Las
Cruces, H. E. McMinn 5601 type, 5602, 5614 (UC) ; Lompoc Mesa, H. E.
McMinn 5612, 5613, 5618, 5619, 5620 (UC)

;
sandy bushy slope, 400 ft. el., n.

of Mission La Purisima, ne. of Lompoc, F. W. Pennell 25338 (UC) ; Gaviota
Pass, L. B. Abrams 5033 (D, P) ; 3% mi. s. sw. of Harris, el. 800 ft., H. C. Lee
285 (UC-VTM) ; 4 mi. w. of Lompoc, el. 500 ft., G. E. Sindel 191 (UC-VTM)

;

Purisima Hills between Lompoc and Harris Grade, Roxana Ferris 7540 (UC)

;

San Julian Ranch, Ralph Hoffman (SM 11488). San Luis Obispo Co.: Cayucos
Quad., Sec. 20, T 30S, RUE, el. 150 ft., B. Bolt 533 (UC-VTM). Ventura
Co.: y2 mi. n. of mouth of Modelo Canyon, Piru Quad., Sec. 16. T 4N, R 18W,
el. 1000 ft., A. D. Gifford 19 (UC-VTM) (close to D. lompocensis but probably
D. longifiorus)

; Cary Dell Trail (Ventura River basin), Henry M. Pollard
(SM 19616), very close to D. lompocensis.

Type. At edge of open woods along Highway 1 from Lompoc to Las
Cruces, Santa Ynez Mts., Santa Barbara County, California, June 7, 1949,
H. E. McMinn 5601 (UC 914709).

Reference. Diplacus lompocensis McMinn.

5. Diplacus aridus Abrams. Jacumba Diplacus. Fig. 13.

A low decumbent subshrub, 8 to 18 inches high, with a spread
of 2 to 4 feet, usually with straw-colored stems and branches and
glabrous glutinous herbage. Leaves ^4 to 1% or rarely 2l

/2

inches long, ^ to % inch wide, narrowly to broadly elliptic or
rarely lanceolate to oblanceolate, the surface yellowish green,
glabrous, glutinous, the margin slightly toothed, often apparently
entire because of a tendency to become revolute. Pedicels % to

^4 inch long, glabrous; calyx 1 to l 1̂ inches long, funnelform, the
upper one-third to one-half distinctly flared, glabrous ; corolla

light lemon- or golden-yellow, l 1
/^ to 2 inches long, the tube ex-

serted, % to 1*4 inches long, the throat abruptly expanding from
the tube, broadly funnelform, % to % inch long, the limb rotate,

with a dorso-ventral spread of % to 1 inch and a lateral spread of
the 3 lower lobes of % to 1 inch, all the lobes spreading at right

angles to the throat and usually recurved, rounded, only slightly

toothed to entire ; stamens included or the upper 2 with anthers
slightly exserted

;
style with stigma exserted. Capsule % to %

inch long, splitting along the upper suture. Flowering period,

April to July.

Distribution. Jacumba Diplacus is known only from the dry
hills and ridges of southeastern San Diego County and in adjacent
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Lower California. It has been collected in scattered localities

from Tecate, Lower California, eastward and northward in Cali-

fornia to the desert slope of the Laguna Mountains between Shaw

Fig. 13. Diplacus aridus Abrams.

and Potrero canyons. The lemon-yellow, rotate corollas with
exserted tubes and flared calyces characteristic of this entity also

appear in plants from central-northeast San Diego County.
These plants, however, have considerable fine to woolly pubes-

cence and are treated under D. calycinus.

Representative localities and specimens. Lower California, Mexico. Tecate,

"between great granite rocks in chaparral," el. ca. 1850 ft., F. R. Fosberg 8439
(P). California. San Diego Co.: dry ridges, Jacumba, L. R. Abrams 3656
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(D, G, MO, NY, P, UC, K, BM)
;
among rocks near the boundary monument,

Jacumba, H. E. McMinn 4OO6 (UC) ; se. slope of high boulder covered ridge,

Jacumba Mts., overlooking Carrizo Gorge, about 5 mi. (airline) ne. of Jacumba
and about IV2 miles ne. of Dubber, M. Van Rensselaer 1871 (UC) ; desert

slope of Laguna Mts., between Shaw and Potrero canyons, C. F. Harbison

1939 (SD); 5 mi. w. of Jacumba at Bankhead Springs, among rocks north of

highway, el. 3400 ft., C. B. Wolf 2199 (D, UC) ; Boulevard, F. F. Gander 5691

(SD) ; Deer Springs, Hipass, M. L. Harris (SD 21395) ;
rocky ridge about 150

ft. n. of Jacumba boundary (Mexico) monument, % mi. sw. of community of

Jacumba, M. Van Rensselaer 1868 (UC), "Single stem 39 inches long, growing
in sheltered spot, leaf 2 1/2 Xl 1/3 inches."

Type. "Growing on dry rocky ridges at Jacumba, near the boundary
monument," San Diego County, California, May 31, 1903, L. R. Abrams 3656
(NY: isotypes D, G, P, MO, UC).

References. Diplacus aridus Abrams, Bull. Torr. Bot. Club 32: 540

(1905). "The peculiar calyx and long slender corolla-tube, as well as the pat-

tern of the lobes, readily distinguish this species from all other members of

the genus."
Mimulus aridus (Abrams) Grant, A:in. Mo. Bot. Gard. 11: 336 (1924).

6. Diplacus grandiflorus (Lindl.) J. Gronl. Azalea-flowered
Diplacus. Northern Sierra Diplacus. Figs. 14, 15, 16, 17.

A spreading subshrub, % to 2^ or rarely to 4 feet high, with
a spread of 1 to rarely 3 feet, the branches and foliage glabrous,

microscopically glandular-puberulent, densely covered in late

spring and early summer with Azalea-like flowers. Leaves 1 to

2y2 inches long, % to % inch wide, oblong-elliptic to elliptic, the

upper surface dark green, glabrous, not impressed-veiny, the
lower surface lighter green, glabrous, glutinous, the margin entire

or slightly toothed, commonly slightly revolute, the lower and
larger leaves sometimes with axillary clusters of smaller leaves.

Flowers numerous
;
pedicels % to % inch long, microscopically

glandular-puberulent; calyx iy8 to l 1/^ inches long, tubular, or the
throat gradually expanding from the basal tubular portion;

corolla buff or cream-colored, 2^ to 2^4 inches long, the tube
commonly slightly exserted, about 1 inch long, the throat funnel-

form, about 1 inch long, gradually or abruptly expanding upward
from the tube, the limb with a dorso-ventral spread of 1% to 2

inches and a lateral spread of the 3 lower lobes of 1% to 1%
inches, the 2 upper lobes with a broad deep lateral notch and
sometimes with a few smaller notches, spreading at right angles
or slightly recurved from the throat, the 3 lower lobes with a deep
median notch and often with a few irregular and smaller notches,
curving forward from the throat; stamens included; style with
stigma included or slightly exserted. Capsule % to % inch long,

opening along the upper suture. Flowering period, April to July.

Distribution. Azalea-flowered Diplacus occurs on granite

cliffs and rocky outcroppings of the western slope of the Sierra

Nevada in the drainage basins of the Feather, Yuba, and Bear
rivers of Plumas, Butte, Yuba, Sierra, Nevada, and Placer coun-
ties, California. One locality, Cape Horn near Colfax, is in the

drainage basin of the North Fork of the American River. It in-
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Fig. 14. Diplacus grandiflorus (Lindl.) Gronl. (Diplacus glutinosus var.

grandiflorus Lindl.)
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habits the areas adjacent to the river canyons and is rarely found
on the upper flats between the rivers or their branches.

Representative localities and specimens. California. Plumas Co.: Belden,

W. L. Jepson 4150 (UC-J) ; from Pulga to Belden, H. E. McMinn, Aug., 1949.

Butte Co.: w. slope of Sierra Nevada between Chico and Forest Ranch, el. 2000
ft., A. A. Heller 11407 (MO, NY, UC) ; hills e. of Chico, Mrs. R. M. Austin 161

Fig. 16. Three young plants of Diplacus grandiflorus, right; three young
plants of D. fasciculatus, left.

(UC); Feather River Canyon, 5 mi. e. of Oroville, el. 500 ft., Lewis 8. Rose
33186 (CA), also ca. 9 mi. e. of Oroville, H. E. McMinn 5503 (UC) ; North Fork
Feather River, 3 mi. s. of Pulga, el. 2000 ft., Lewis 8. Rose 39242 (G, NY).
Yuba Co.: North Fork Yuba River, road from Dobbins to Camptonville, H. E.
McMinn 5507 (UC) ; Middle Fork Yuba River, n. of North San Juan, H. E.
McMinn 5509 (UC); 4 mi. nw. of North San Juan, el. 1400 ft., L. Constance
2291 (UC); Smartsville, Mrs. J. E. Cramsie (CA 28305). Sierra Co.: 4V2
mi. w. of Sierra City, el. 3500 ft., Downieville Quad., A. Lewis 525 (UC-VTM)
(pedicels of fruit up to 1 inch long); Cedar Glen, Vincent Jones (CA 28317).
Nevada Co.: South Fork Yuba River, ca. 5 mi. nw. of Nevada City, H. E.
McMinn 5510 (UC) ; Nevada City, Chas. W. Kitts (UC 445118); Smartsville
Quad. Sec. 27 T 17N, R7E, R. W. Lundh 251 (UC-VTM) (pedicels lA to %
inch long). Placer Co.: 1 mi. w. of Lake Spaulding, el. 4800 ft., N. French
376 (UC-VTM); among rocks ca. 1% mi. w. of Lake Spaulding, ca. 400 yds.
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Fig. 17. Mature garden-grown plants: Diplacus grandiflorus, upper; D.
fasciculatus, lower.
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from Bear River Bridge, e. end of Bear Flats, above flume, H. E. McMinn 5501,

5502 (UC); near Cape Horn, K. Brandegee (UC 112831), June 5, 1908, and

C. F. Sonne (UC 445119), June 17, 1891 (Colfax Quad.).
Type. From a plant cultivated in England. "A Greenhouse evergreen

Shrub, from California . . . now figured with pale salmon-colored flowers, the

lobes of which are deeply cleft, and the leaves rather shorter than usual, and
less serrated." (Paxton's Flower Garden 3: 95-96, colored plate 92, opposite

page 95, 1852-1853). This plate is a very satisfactory reproduction of the

plants from the Feather River Canyon, California.

References. Diplacus grandiflorus (Lindl.) J. Gronl., Paris Revue Horti-

cole IV, 6: 402-404, fig. 136, p. 403, not colored (1857). The figure (136) is a

good reproduction of plants from the Sierra Nevada. ".
. . distincts toutefois

du Diplacus glutinosus ordinaire, principalement par la grandeur des fleurs et

par la division profonde des cinq lobes de la corolle . .
."

The plants referred to in this paper as the binomials D. grandiflorus

(Lindl.) J. Gronl. and D. fasciculatus (Pennell) McMinn have often been
known as D. leptanthus. That name, however, was given by Nuttall, in 1837,

to another distinct entity which, because of rules of nomenclature with regard
to priority, is now known as D. aurantiacne.

Many botanists, including myself, had considered the plants of the Sierra

Nevada, D. grandiflorus, and those of Monterey County, D. fasciculatus, to be
the same taxon. Dr. H. L. Mason suggested to me as early as 1932 that they
appeared to him to be quite distinct. Dr. F. W. Pennell (1947) also con-
sidered them distinct when he described the Monterey County entity as a new
subspecies, Mimulus bifidus fasciculatus. After extensive field, garden trans-

plant, and seedling studies (figs. 15, 16, 17) I am convinced that the plants
should be treated as two distinct entities.

Diplacus glutinosus var. grandiflorus Lindl. in Paxton's Flower Garden 3:

95-96, colored plate 92 opposite page 95 (1852-1853). "That now figured has

been raised in many places within the last few months, and has already gained
the false name of D. leptanthus, a plant to which it bears very little resem-
blance. . . . That now figured is certainly much the finest, on account of its

large pale salmon-colored flowers; a cross between which and puniceus ought
to be very handsome."

Diplacus glutinosus grandiflorus Planchon, Flore Des Serres et Des Jardins
De L'Europe, Annales Generates D'Horticulture, Tome IX, colored plate 883
facing p. 71 (1853-1854). This plate is a good reproduction of the Sierra
Nevada plants. "Le Diplacus glutinosus, grandiflorus a deja recu, parait-it

dans quelques jardins le nom faux de Diplacus leptanthus, c'est-a-dire d'une
espece a feuilles plus etroites, plus petites et plus fermes, indigene dans la

Californie, comme le glutinosus lui-meme, et probablement connue des seuls

botanistes." J. E. Planchon.

Diplacus longiflorus, as misinterpreted by Greene, as to the northern

Sierra Nevada plants only. Bull. Calif. Acad. Sci. 1: 96 (1885). Not Nuttall.

Diplacus grandiflorus Greene, Pittonia 2: 156 (1890), as to the Sierra

Nevada plants only.

Mimulus leptanthus (Nutt.) Grant, in Gentes Herb. 1: 136 (1923), and in

Ann. Mo. Bot. Gard. 2: 335 (1924), as to Sierra Nevada plants only.

Diplacus longiflorus var. grandiflorus (Gronl.) Jepson, Man. 919 (1925),
second printing. Sierra Nevada plants.

Diplacus leptanthus as misapplied by McMinn, 111. Man. Calif. Shrubs 499

(1939), as to Sierra Nevada plants only. Not Nuttall.

Miimilus bifidus Pennell, Proc. Acad. Nat. Sci. Phil. 99: 168 (1947). New
name for Diplacus grandiflorus J. Gronl., (1857). Preoccupied in Mimulus by
M. grandiflorus Howell (1901).

7. Diplacus fasciculatus (Pennell) comb. nov. Santa Lucia
Diplacus. Figs. 18, 15, 16, 17.

An erect or spreading subshrub, 1 to 2^ feet high, with
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Fig. 18. Diplacus fasciculatus (Pennell) McMinn. (Mimulus bifidus subsp.
fasciculatus Pennell.)
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glabrous microscopically glandular-puberulent stems and foliage,

the main stems erect. Leaves % to iy2 inches long, l/g to % or
rarely y2 inch wide, linear or linear-oblong to narrowly elliptic,

the upper surface dark green, glabrous, not impressed-veiny, the
lower surface lighter green, glabrous, the margin entire or finely

toothed along upper half, commonly revolute, the axils of the
larger stem-leaves usually bearing short lateral branchlets with
several smaller leaves. Pedicels 14 to % or rarely to y2 inch
long, glabrous; calyx 1% to l 1

/^ inches long, tubular, scarcely ex-

panding upward; corolla buff to orange-bun0
, 1% to 2 1/4: inches

long, the tube usually slightly exserted, about % inch long, the
throat funnelform, % to % inch long, the limb with a dorso-ven-
tral spread of 1*4 to 1% inches and a lateral spread of the 3

lower lobes of l 1/^ to 1% inches, the 2 upper lobes with a deep
lateral notch and with 1 or more smaller and irregular serrations,

extending at right angles or slightly forward from the throat, the

3 lower lobes with a deep median notch and often with 1 to 3

smaller notches, extending forward from the throat; stamens in-

cluded; style with stigma included. Capsule % to % inch long,

splitting along upper suture. Flowering period, April to July.

Distribution. Santa Lucia Diplacus occurs in the central

Coast Ranges of California on rocky outcroppings of banks and
in washes from the upper Carmel River Valley of Monterey
County southward through the Santa Lucia Mountains to south-

west of Templeton in San Luis Obispo County, and at the Pin-

nacles National Monument in San Benito County.
Representative localities and specimens. California. San Benito Co.:

wash into Chalone Creek, Pinnacles National Monument, H. E. McMinn 5530,

5531 (UC) ; ca. 200 yds. inside of Pinnacles National Monument entrance, H. E.
McMinn 5465, 54.78 (UC) (in broad spreading clumps). Monterey Co.: upper
Carmel River Valley, H. E. McMinn 5519 (UC) ; between Pineys and James-
burg, on a branch of Arroyo Seco, H. E. McMinn 2665 (UC) ; ca. 24 mi. w.
of King City, along Memorial State Park Road from King City to the Indians,

el. 1400 ft., H. E. McMinn 5542 (UC) ; also ca. 39 miles from King City, head-
waters of Arroyo Seco, 2 mi. n. of camp ground on rocky outcropping near
bridge, el. 2200 ft., H. E. McMinn 5543 (UC) ; grade about 3 mi. above Tas-
sajara Hot Springs, el. 2800 ft., Roxana Ferris cf- R. Bacigalupi 8327 (D, P,

UC) ; also H. E. McMinn 5604, 5605 (UC) ; bank of the San Antonio River,

H. L. Mason 5767 (UC) ; 1.3 mi. se. of Berry Ranch, el. 1300 ft., A. Simontacchi
617 (UC-VTM) ; near Big Sur P. O., Roxana Ferris $ R. Bacigalupi 3704 (D,
P) ; Big Sur River, Arthur J. Bolton (P, Baker 5101) (calyces slightly

puberulent) ; Burro Trail, e. slope of Santa Lucia Mts. between Jolon and
Gorda, K. Brandegee (UC 130960). San Luis Obispo Co.: 7.3 mi. w. of Paso
Robles on Adelaida Road, el. 1620 ft. (flowers with more orange and less bifid

lobes), H. E. McMinn 5554 (UC) (some plants with pubescent calyces and
deep orange corollas, thus with genes from D. aurantiacus and D. longiflorus) ;

common on rocky outcroppings from Adelaida to Nacimiento River, H. E.
McMinn; 3% mi. sw. of Templeton, el. 1600 ft., H. C. Lee 891 (UC-VTM).

Type. ".
. . on rocky hills, Santa Lucia Park, Arroyo Seco, at 2,500 feet

altitude, Monterey County, California," May 10, 1931, Lewis S. Rose 32678
(Acad. Nat. Sci. Phil.).

References. Diplacus fasciculatus (Pennell) McMinn. See references for

Diplacus grandiflorus, p. 70.



1951] McMINN: DIPLACUS 73

Mimulus bifidus subsp. fasciculatus Pennell, Proc. Acad. Nat. Sci. Phil. 99:

168 (1947).

Mimulus glutinosus var. linearis Gray, Proc. Am. Acad. 11: 97 (1876),
in part.

Diplacus grandiflorus Greene, Pittonia 2: 156 (1890), as to Monterey
County plants only. Not J. Gronland.

Mimulus leptanthus Grant, Gentes Herb. 1: 136 (1923) and Ann. Mo. Bot.
Gard. 2: 235 (1924), as to Monterey County plants only, not Diplacus leptanthus
Nutt.

Diplacus leptanthus as misapplied by McMinn, 111. Man. Calif. Shrubs 499,

not Nuttall, as to Monterey County plants only.

8. Diplacus calycinus Eastw. Woolly Diplacus. Fig. 19.

A semi-erect or spreading irregularly branched subshrub, 1

to 2 feet high, with light brown or straw-colored branches, com-
monly densely woolly on upper parts. Leaves l 1/^ to 2 1/4z or
rarely 4 inches long^ % to 1 or rarely 1% inches wide, oblong-
elliptical, obovate, lanceolate, or oval, the upper surface yellow-
green., glabrous, somewhat impressed-veiny, the lower surface
glandular, with simple and branched hairs, the margin entire to

finely toothed along the upper two-thirds, commonly revolute, the
axils often with short branches bearing several smaller leaves.

Pedicels 3/16 to % inch long, densely glandular-villous with
mostly simple hairs; calyx 1 to 1% inches long, tubular in lower
half, then abruptly expanding and distinctly flared, densely
glandular-villous to woolly, with simple and branched hairs

;

corolla light lemon-yellow, 1% to 2% inches long, the tube ex-

serted or rarely included, 1 to 1% inches long, the throat funnel-
form, commonly abruptly expanding from the tube, % to % inch
long, the limb nearly rotate, with a dorso-ventral spread of 1 to

1^4 inches and a lateral spread of the 3 lower lobes of % to l 1
/^

inches, the 2 upper lobes with a deep lateral notch and irregularly

toothed to nearly entire, the 3 lower lobes truncate or rounded
and entire to finely toothed at their tips ; stamens included or the

2 upper with anthers nearly exserted
;
style with stigma exserted.

Capsule I/2 to % inch long, opening along the upper suture.

Flowering period, April to July.

Distribution. Woolly Diplacus inhabits rocky outcroppings
of the lower and middle slopes of three distinct, yet geograph-
ically related, mountain areas; the southern Sierra Nevada, the

eastern portions of the mountains of southern California, and the

inner South Coast Ranges, California. In the southern Sierra

Nevada, it occurs from near Trimmer Springs, Fresno County
southward through Tulare County to near Caliente, Kern County.

A. A. Heller states that this species was, "Common in the

Tehachapi Mts., on steep northerly slopes in damp places" (Heller

7771, MO 92467). I have been unable to verify this distribution

either in the field or from herbarium specimens. It appears that

during the past 50 years the north slopes of the Tehachapi Moun-
tains have become increasingly dry and consequently now are not
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suitable for the growth of this taxon. This formerly, more con-
tinuous distribution would help explain the present relict distribu-

tion of D. calycinus in the inner South Coast Ranges of San Luis
Obispo County.

In southern California, it occurs from the North Fork of San
Antonio Canyon in the extreme eastern end of the San Gabriel
Mountains eastward on the northern face of the San Bernardino
Mountains to near Quail Springs in the Joshua Tree National
Monument of San Bernardino and Riverside counties and south-

ward in the San Jacinto Mountains to the mountains of central

northeast San Diego County. In the South Coast Ranges it

occurs on the eastern slopes of the Pozo Mountains in San Luis

Obispo County. On the western slope of the Pozo Mountains, it

merges with D. longiflorus and in southeastern San Diego County
it is replaced by D. aridus. (See section on Biological Relation-

ships.)

Representative localities and specimens. California. Fresno Co.: Base
Camp, junction of North and South forks Kings River, W. B. Duncan (D
125326); above Trimmer Springs, Ynez Winblad (CA 258704—calyces less

woolly) ;
Tehipite Valley, el. 4000 ft., H. M. Hall $ H. P. Chandler 511 (CM,

MO, UC) (close to D. longiflorus) ; South Fork Kings River, el. 3600 ft., up
and down canyon for 7 mi. by bridge at Boyden Caves, H. E. McMinn 5517
(UC) (some calyces more glandular-pubescent than woolly). Tulare Co.:

hills e. of Orosi, R. F. Hoover 3474 (UC) (leaves much more glabrous than in

typical forms) ; Grapevine Spring, about 35 mi. e. of Visalia, P. 8. Woolsey
(UC 26695); South Fork Kaweah River, Culbertson 4407 (G, K, MO, NY, P,

UC) ; road to Camp Nelson, between it and junction of road to Camp Wishon,
el. 3600 ft., R. Bacigalupi, I. L. Wiggins, $ Roxana Ferris 2660 (D, UC) (a

very villous form) ; White River Road, Lester Rowntree (CA 308308) ;
canyon

of South Creek, Kern River Canyon, about 2 mi. se. of Johnsondale sawmill,

el. 3900 ft., R. Bacigalupi $ Roxana Ferris 2458 (D); Sequoia Nat. Park,
W. T. Frost (UC-VTM 7599). Kern Co.: Glennville, E. Roy Weston 182
(CA); Greenhorn Mt., Mrs. E. C. Van Dyke (CA 191496); along highway, 2

mi. e. of Weldon, E. W. Voegelin 174, ^76 (UC) (tube scarcely exserted) ;

Greenhorn Mt. Range, rocky cliff, el. 1200 ft., Lyman Benson 2934 (P, UC)
(leaves scarcely hairy, resembling somewhat D. aridus) ; Kern River Road, 15

mi. from Bakersfield, el. about 1500 ft., steep woody canyon slope, Frank W.
Peirson 7309 (P) (stems very hairy) ; between Keene and Bealville, K. Brande-
gee (UC 130959); Caliente, T. 8. Brandegee (UC 124421); lower Kern River
Canyon, 4 mi. from mouth, L. R. Abrams 12007 (D, UC-C1.) (calyces very
villous, leaves broad and quite hairy); Kern Canyon, A. A. Heller 7771 (MO
92467-i). latifolius Nutt. Ann. & Mag. Nat. Hist. 1: 137, 1838). San
Bernardino Co.: North Fork San Antonio Canyon, San Antonio Mts., el 7500 ft.,

/. M. Johnston 1607 (UC) ; % mi. sw. of junction of Deep Creek and Mohave
River, el. 3500 ft., D. Axelrod 64 (UC-VTM): 1.5 mi. se. of mouth of Deep
Creek, el. 4500 ft., D. Axelrod 509 (UC-VTM); Cactus Flat, Cushenbury
Grade, el. 6000 ft., P. A. Munz 10502 (P, UC) ; 5 mi. w. of Warrens Well,
Ralph Hoffman (SM 11743); granite ridge 2 mi. s. of the windmill, on Old
Woman Well and Twenty-nine Palms Road, Roxana Ferris § Ruth P. Rossbach
9508 (G, UC) ; crevice in granite, e. of Quail Spring, Joshua Tree National
Monument, Reid Moran 845 (D); crevices of granite rock and at foot of cliff

h> r iunction of main highway and Quail Spring road, Mary Bowerman 4173
(UC)

;
among rocks 1 mi. n. of Barker Dam, el. 4300 ft., Joshua Tree National

Monument, Annie M. Alexander $ Louise Kellogg 2121 (G, UC). Riverside Co.:

north base of San Jacinto Mts., Snow Creek Canyon, 1 mi. above fish hatchery,
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el. 2600 ft., C. B. Wolf 3657 (D, R) ("flowers pale, creamy yellow, plant with

4 ft. spread and 2 ft. high") ; rocky places near Pipe Creek, above Hemet Valley,

San Jacinto Mts., el. 5500 ft., C. B. Wolf 1960 (UC); exposed slope in vicinity

of Chalk Hill, el. 4600 ft., San Jacinto Mts., H. M. Hall 2077 (UC) ; Suicide

Rock Trail above Idyllwild, el. 6300 ft., M. Van Rensselaer 1922 (UC) ; rock
crevices, 10 mi. sw. of Coahuila, P. A. Munz 10884 (Gj P) ; 1 mi« n - of San
Diego Co. line, near Aguanga on Highway 71, H. E. McMinn 5589, 5590 (UC).
San Diego Co.: Warners Springs, Mrs. A. L. Combs (CA 28377) ;

transplant in

garden of F. F. Gander, from Montezuma Valley, between Warner Stage Sta-

tion and Borego region, collected July 8, 1945, H. E. McMinn $ M. Van Rens-
selaer 1901 (UC) (appears to have some D. aridus genes); Borego Palm Can-
yon, F. F. Gander 1284 (SD); stream below Eagles Nest Dam, Hot Springs
Mt., F. F. Gander 8746 (SD). San Luis Obispo Co.: in chaparral on e. slope of

Pozo Range, 6 mi. s. of La Panza, el. about 2200 ft., D. D. Keck 2827 (D, P,
UC) ; about 1 mi. e. of Pozo Mt. summit, el. 2100 ft., H. E. McMinn 5550 (UC) ;

also along McGinnis Creek on road bank to within 6 mi. of La Panza; y2 mi. se.

of mouth of Placer Creek, La Panza Quad., el. 1650 ft., W. A. Peterson
828 (UC-VTM); 1.4 mi. se. of Avenales Ranch, Branch Mt. Quad. Sec. 29,

T 31S, R 17E, el. 1850 ft., T. M. Hendrix 1004 (UC-VTM).
Type. South Fork Kaweah River, 5800 feet altitude, Tulare County, Califor-

nia, July 22, 1904, Culbertson 4407 (CA; isotypes G, P, NY, MO, UC, CA).
All specimens of the type collection are similar in having more ovate to oval
leaves than most specimens found growing at lower elevations. The specimens
also are very densely woolly on upper stems, branches, lower surfaces of the

leaves, on the calyces, and pedicels. According to Alice Eastwood (Bot. Gaz.
41: 287-288) it was first collected by T. S. Brandegee in the Kaweah Canyon,
Tulare County, California, July 26, 1892.

References. Diplacus calycinus Eastw., Bot. Gaz. 41: 287 (1906) ; ex. C. F.
Baker, West Am. Plants 3: 5 (1904), name only.

Mimulus longiflorus var. calycinus (Eastw.) Grant, Ann. Mo. Bot. Gard.
11: 331 (1924).

Diplacus longiflorus var. calycinus (Eastw.) Jepson, Man. 919 (1925).

9. Diplacus longiflorus Nutt. Southern Diplacus.

Figs. 20, 25-5.

An erect profusely branched shrub, 1 to 4 feet high, with the
upper stems, branches, under surface of leaves, pedicels, and
calyces densely pubescent and glandular-hairy to only slightly

pubescent. Leaves 1 to 3^ inches long, % to % inch wide,
lanceolate to linear-lanceolate or oblong, the upper surface yel-

lowish to dark green, nearly glabrous, glandular, impressed-
veiny, the lower surface densely covered with branched and
simple glandular hairs, the margin finely toothed to nearly entire

at base, often revolute, the axils frequently with short branch-
lets bearing several smaller and linear leaves. Pedicels % to ^4
or rarely % inch long, glandular-hairy; calyx 1 to 1% inches long,

the tube gradually expanding upward to a slightly more expanded
throat which becomes somewhat contracted toward apex, covered
with simple and branched non-glandular hairs and shorter gland-

ular hairs ; corolla typically orange-yellow, but varying from deep
orange through light orange and buff to nearly white, 2 to 2%
inches long, the tube usually included, to % inch long, expand-
ing gradually or abruptly into a funnel-shaped throat about %
inch long, the inner lower surface with 2 deep orange bands
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separated by a single white band, the limb with a dorso-ventral

spread of 1*4 to 1% inches and a lateral spread of the 3 lower
lobes of 1% to 1% inches, the upper 2 lobes with a deep lateral

Fig. 20. Diplacus longiflorus Nutt.

notch and finely and irregularly toothed, extending at right angles
or slightly recurved from the throat, the 3 lower lobes finely and
irregularly 3- to 7-toothed to nearly entire or with 1 or 2 deeper
notches, extending forward from the throat; stamens included;
style with stigma included. Capsule about % inch long, splitting

along the upper suture. Flowering period, March to July.
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Distribution. Southern Diplacus, in its typical form, is

known from coastal southern California, where it occurs in the

Pozo Mountains of San Luis Obispo County southward in scattered

locations on the coastal drainage slopes of the mountains of Santa
Barbara, Ventura, Los Angeles, and Orange counties. It also

occurs on Santa Cruz and Santa Rosa islands, in a few locations

in Lower California, in north central San Diego County, in the San
Jacinto Mountains of Riverside County, and north and east of

Bakersfield in Kern County.

Representative localities and specimens. Lower California, Mexico. All

Saints Bay, April 16, 1885, E. L. Greene (D, UC-193bO(j, G) [>otype of D.
arachnoideus Greene, Bull. Calif. Acad. 1 (4): 210 (1885)]; bluff s. of La Mis-

sion, A. G. Vestal $ F. F. Gander 6017 (SD). California. San Diego Co.:

Observatory Road, Palomar Mt., F. F. Gander 6295 (SD). Riverside Co.:

Idyllwild Grade, el. 3500 ft., C. V. Meyer 211 (UC) (approaches D. calycinus)
;

Reche Canyon, el. 1500 ft., H. M. Hall (UC 64230) (approaches D. calycinus)
;

along Indian Canyon Truck Trail, Santa Ana Mts., el. 2100 ft., H. E. McMinn
4f M. Van Rensselaer 1889 A-F (UC) (series showing variation in flower color

and in amounts of pubescence on the calyces and upper branchlets; some genes

of D. aus tralis and D. puniceus may be in these specimens) ; 8 mi. nw. of

Elisnore, el. ca. 1500 ft., C. L. Hitchcock 6O44 (NY). Orange Co.: Trabuco
Peak, Santa Ana Mts., el. 4000 ft., W. Pequegnat (P 256713) ; Santa Ana Can-
yon, near Rancho Santa Ana Bot. Gard., H. E. McMinn $ M. Van Rensselaer
1912 (UC) (approaches D. australis). Los Angeles Co.: Turnbull Canyon,
near Whittier, H. E. McMinn 1235 (UC), and H. E. McMinn $ M. Van Rensselaer
1913D, 1914C (UC); San Dimas, H. P. Chandler (UC 26709); foothills, San
Gabriel Mts., e. of La Crescenta, at junction of Oceanview Blvd. and Foothill

Blvd., H. E. McMinn 5600 (UC) ; canyon at Santa Monica, /. B. Davy 2731
(UC); Mandeville Canyon, el. ca. 1100 ft., I. Clokey 4441 (UC-C1) (calyces

only slightly hairy); Mt. Wilson, Alice Eastwood 9033 (CA) ; San Fernando
wash, Alice Eastwood 3130 (NY). Ventura Co.: boulder-covered slope ca.

3 mi. e. of town of Santa Susana, H. E. McMinn <§• M. Van Rensselaer 1886
E, F (UC) ; ca. 8 mi. above Piru, along Piru Creek, C. B. Wolf 2010 (D, UC)
(calyx only slightly hairy) ; Mt. Pinos region, Goodenough Meadow bank, W. R.
Dudley $ F. H. Lamb 4756 (D) ; Upper Ojai Valley, in openings in chaparral,

M. Van Rensselaer 1881, 1882 (UC) ; 1% mi. s. of Blue Point on Piru Creek,
Tejon Quad. Sec. 22. T 5N, R 18W, A. Simontacchi 81 (UC-VTM) ; Casitas
Pass, el. 500 ft., H. M. Hall 3160 (CM, UC). Santa Barbara Co.: on roadfill

along Casitas Pass Road, ca. 3 to 4 mi. e. of Carpenteria, just off Highway 101,

H. E. McMinn $ M. Van Rensselaer I884, 1885 (UC); La Cumbre Trail in

Mission Canyon, el. 2360 ft., Clifton Smith 1409 (UC) (fls. orange-yellow),
I4O8 (UC) (fls. nearly white) ; Mission Canyon, Alice Eastwood 19 (UC) (near
type locality) ; near end of Gibraltar Lake, Santa Ynez Quad., el. 1700 ft.,

W. A. Peterson 198 (UC-VTM); Cuyama River Canyon, el. 2000 ft., Lyman
Benson 5813 (P). San Luis Obispo Co.: ca. 9.8 mi. e. of Santa Margarita on
road to Pozo, el. 1300 ft., H. E. McMinn 5545 (UC) (fls. deep orange),
5546 (UC) (fls. light orange), 5547 (UC) (fls. nearly lemon-yellow); Calf
Canyon, Alice Eastwood <$• /. T. Howell 5912 (CA) ; Santa Margarita, Eldorado
School, Mary G. Wall (CA 204605) ; 2% mi. s. of Black Mt. Pozo Quad., Sec.

34, T29S, R15E, el. 1900 ft., T. M. Hendrix 196 (UC-VTM) (approaches D.
calycinus) . Monterey Co.: near Camp 31, Guadalupe Ranch, May 11, 1861,

W. H. Brewer 586, Geological Survey 1860-67 (UC). San Benito Co.: Rock-
haven, 4 mi. e. Aromas, Alice Eastwood $ J .T. Howell (CA 234442) (I visited

this locality in 1947 and found only good D. aurantiacus) . Kern Co.: 7 mi. n.

of Bakersfield, M. Van Rensselaer seed lot 12, -H. E. McMinn voucher 5603
(UC); Kern River Road, ca. 15 miles from Bakersfield, el. ca. 1500 ft., F. W.
Peirson 7309 (P) ; 1% mi. s. of Blue Point, Tejon Quad. Sec. 22, T5N, R18W,
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Fig. 21. Diplacus parviflorus Greene.

el. 1200 ft., A. Simontacchi 84 (UC-VTM). Santa Barbara Co. Santa Cruz
Island: Above Frey's Harbor, H. E. McMinn 2790 (UC) ; also H. M. Ball
8201 (UC, P); West Twin Canyon, el. 500 ft., I. W. Clokey 5055 (UC, P) ;

Dix Canyon, I. W. Clokey 5056 (UC) ; Prisoner's Harbor, I. W. Clokey 5054
(UC); Pelican Bay, I. W. Clokey 5057 (K) (calyces hairy as in D. calycinus)

.

Santa Rosa Island: Helen E. Sweet (P 214164) (flowers smaller than typical)
;

N. Dnnn (K).
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Type. "Hab. Rocky places by small streams, in the vicinity of Santa Bar-
bara." (Probably in Mission Canyon in 1836), Santa Barbara County, Cali-

fornia, Thomas Nuttall (BM).
References. Diplacus longiflorus Nutt., Mss. (Oct. 12, 1837), Taylor's

Ann. Nat. Hist. 1, no. 2: 139 (1838); Nutt., Curtis. Bot. Mag. new ser. 12:

under plate 3655 (1838). Published as Diplacus longiflora.

Mimulus glutinosus var. brachypus Gray, Proc. Am. Acad, new ser. 8,

whole ser. 11: 97 (1876), and in Bot. Calif. 1: 566 (1876).

Diplacus arachnoideus Greene, Bull. Calif. Acad. Sci. 1: 210 (1885) and 2:

409 (1887).

Diplacus speciosus Davy, Erythea 2: 101 (1894). This was described from
a cultivated plant in the University of California Botanical Garden. The de-
scription and the type specimen (UC 26714) are matched by D. longiflorus
Nutt., but the statement that the plants came from Humboldt County must be
an error.

Mimulus longiflorus (Nutt.) Grant, in Gentes Herb. 1: 136 (1923), and in

Ann. Mo. Bot. Gard. 11: 328 (1924).

10. Diplacus parviflorus Greene. Island Diplacus. Fig. 21.

A semi-erect or spreading subshrub, 6 inches to 2 feet or rarely

to 4 feet high; with glabrous stems and leaves, the younger
branches commonly reddish. Leaves 1 to 1% inches long; % to 1

inch wide, oval-elliptic, elliptic-lanceolate, or ovate to obovate, the
upper surface dark green, glabrous, the lower surface paler,

glabrous, glutinous, shining as though varnished, the margin entire

or glandular-denticulate to finely and irregularly toothed, usually
somewhat revolute, the axils often with a cluster of smaller leaves.

Pedicels % to % inch long, glabrous
;
calyx % to 1 inch long,

tubular, glabrous; corolla brick-red or orange-red, 1% to 1%
inches long, the tube included, % to % inch long, the throat

narrowly funnelform, % to % inch long, the limb with a dorso-
ventral spread of ^4 to % inch and a lateral spread of the 3 lower
lobes of % to % inch, the 2 upper lobes nearly entire or with a

small lateral notch, spreading slightly forward from the throat,

the 3 lower lobes narrow, entire or slightly toothed at their tips,

extending forward from the throat; stamens included; style with
stigma exserted. Capsule about % inch long, opening along the

upper suture. Flowering period, March to July, or nearly

throughout the year.

Distribution. Island Diplacus is known only from Santa
Rosa, Santa Cruz, Anacapa, and San Clemente islands, all off the

coast of southern California. It occurs on shady hillsides and in

dry canyons, usually near the shore.

Representative localities and specimens. California. Los Angeles Co.

San Clemente Is.: wall of canyon s. of Lemon Tank on ne. side of island, P. A.
Munz 6707 (P) ;

dry canyon and steep cliffs, near the sea on e. side, Nell Mur-
burger 33 (UC). Ventura Co. Anacapa Is.: slopes near bottom of gully

below grove of Quercus tomentella, Reid Moran 718 (D) ; canyon sides, Ralph
Hoffman (SM) 5517. Santa Barbara Co. Santa Cruz Is.: Above Frey's
Harbor, H. E. McMinn 2789 (UC) ;

vicinity of Pelican Bay, L. R. Abrams <£•

I. L. Wiggins 32 (UC) ; between Orizaba Canyon and Baby's Cove, el. 200 ft.,

C. B. Wolf 2902 (D). Santa Rosa Is.: slope above ranch house, H. E. McMinn
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2746 (UC)
;
shady hillside near Torrey Pine grove, Reid Moran 811 (D)

;

canyon near Black Mt., John Voss (P 171442).

Type. North side of Santa Cruz Island, Santa Barbara County, Califor-

nia, July and August, 1886, E. L. Greene (isotype, NY).
References. Diplacus parvijiorus Greene, Pittonia 1: 36 (1887).
Mimulus parvijiorus (Greene) Grant, Ann. Mo. Bot. Gard. 11: 344 (1924).

Not Mimulus parvijiorus Lindl., Bot. Reg. pi. 874 (1825).
Mimulus Flemingii Munz, Man. S. Calif. Bot. 477 (1935).

11. Diplacus puniceus Nutt. Mission Red Diplacus. Scarlet-

flowered Diplacus. Fig. 22.

An erect and freely branched shrub, 1% to 5 feet high, with
glabrous usually reddish branches and glabrous or puberulent
glutinous herbage. Leaves 1 to 3 inches long, l/g to % inch wide,
linear-lanceolate to elliptic, the upper surface dark green, glab-

rous, the lower surface paler, glabrous to finely pubescent, gland-
ular, the margin entire or finely toothed, usually revolute.

Pedicel % to l 1/^ inches long, glabrous; calyx % to 1% inches

long, tubular, usually reddish; corolla brick-red or orange-red,

114 to 1% inches long, the tube included, % to % inch long,

yellow, the throat narrow-funnelform, % to % inch long, the limb
with a dorso-ventral spread of 1 to l 1/^ inches and a lateral spread
of the 3 lateral lobes of % to 1 inch, the upper 2 lobes with a pro-

nounced lateral notch and finely and irregularly toothed, spread-
ing at right angles to the throat, the 3 lower lobes nearly entire to

finely and irregularly toothed at the tips, slightly curving forward
from the throat; stamens included or the anthers of the longer

pair slightly exserted
;
style with stigma slightly exserted. Cap-

sule y2 to 34 inch long, splitting along the upper suture. Flower-
ing period, March to July.

Distribution. Mission Red Diplacus is restricted to southern
California and adjacent Mexico. Its typical form with glabrous
herbage and long pedicels occurs mainly in the western portion of

San Diego County, in a few localities in northern Lower Cali-

fornia, and in Orange and western Riverside counties. On Santa
Catalina Island it appears in less typical form with shorter pedi-

cels and with more orange in the flowers. In several localities of

west central Riverside County, Mission Red Diplacus shows the

effect of gene contamination from Diplacus longiflorus, thus be-

coming somewhat pubescent and with shorter pedicels. It

usually inhabits dry canyon slopes, mesas, lower mountain slopes,

and fire-burns in the chaparral.

Representative localities and specimens. Lower California, Mexico.
Granitic soil on foothills of Sierra San Pedro Martir in vicinity of Rancho
San Jose, 25 mi. e. of San Telmo, el. 2600 ft., Ada Meling 28 (D, P, UC) ; Pine
Canyon, 6 mi. s. of San Vicente, C. Epling $ Wm. Stewart (D 254531); n. of
Ensenada, on chaparral-covered hillside 3.8 mi. ne. of Sauzal along road to

Guadalupe, I. L. Wiggins 10067(D). California. San Diego Co.: Otay Mt.,
F. F. Gander 223.73 (SD) ; Barrett Dam Road, 5-6 mi. from Jamul, I. L.
Wiggins 1950 (UC) ; s. side of Mission Canyon, between Old Town and San
Diego Mission, H. E. McMinn 4- M. Van Rensselaer 1907 & 1908 (UC) ; Mt.



Fig. 22. Diplacus puniceus Nutt.
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Helix, H. E. McMinn 5591 (UC); La Jolla, in canyon near Scripps Biol. Inst.,

H. E. McMinn 1415 (D) ; Mussey Grade, between Lakeside and Ramona,

G. R. Fleming $ W. W. Eggleston 19645 (P) ;
first-year fire-burn in chaparral,

Poway Grade, F. F. Gander 770 (SD) ;
Ramona, F. F. Gander 684 (SD) ; hills

near Ysidora, L. R. Abrams 3285 (MO, NY); Pala Grade, Temecula to Pala,

H. L. Mason 3119 (UC) ; Herron Ranch near De Luz, F. F. Gander 8266 (SD) ;

upper San Onofre Canyon, F. F. Gander 8419 (SD). Orange Co.: Hot Springs,

San Juan Canyon, el. 1200 ft., R. St. John 205 (UC-VTM); Laguna Canyon,

ca. 5 mi. e. of Laguna Beach, H. E. McMinn $ M. Van Rennselaer 1911 (UC)
(in series of D. puniceus x D. australis) ; Sierra Canyon, Santa Ana Mts., el.

1200 ft., P. A. Munz $ R. D. Harwood 3758 (D, P, UC). Riverside Co.: near

summit of Temecula—Rainbow Grade, H. E. McMinn $ M. Van Rensselaer

1900 A, C (UC); s. of Elsinore, H. E. McMinn 3939 (UC) (pedicels shorter);

steep decomposed granite slope along Indian Canyon Truck Trail, e. side Santa
Ana Mts., el. 2600 ft., H. E. McMinn $ M. Van Rensselaer 1890 A, B, C,

1891 (UC) ; Butte w. of Lakeview, J. M. Johnston 2286 $ 2298 (MO, P) (close

to D. puniceus but for pedicel length, these belong to a hybrid swarm of D.
puniceus X D. australis x D. longiflorus) . Los Angeles Co. Santa Catalina Is.:

(Most specimens have some genes of D. australis in them). Avalon, rocky
banks along shore, I. J. Condit (UC 455548); Pebbly Beach Road, el. 50 ft.,

F. M. Reed 2816 (UC) ; Avalon Canyon, above last almond orchard, C. B.
Wolf 3509 (UC) ("Trunk dia. 1 inch, ht. 4 ft., spread 4 ft., corollas deep red-
brown outside").

Type. ".
. . in sandy loam by the borders of small winter streams," near

San Diego, San Diego County, California, Thomas Nuttall (BM).
References. Diplacus puniceus Nutt., Mss. (Oct. 12, 1837), Taylor's Ann.

Nat. Hist. 1, no. 2: 137 (April 1838); Curtis Bot. Mag. new ser. 12: colored
plate 3655, opposite page of description (May 1, 1838). "It was discovered by
Nuttall, and transported in 1836 to the garden of Mr. Buist, the extensive
nurseryman of Philadelphia, by whom the whole stock was sent, in the autumn of
last year, to Messrs. Lowe, of Clapton, who are consequently the only posses-
sors of it." Published as Diplacus punicea.

Mimulus puniceus (Nutt.) Steud., Nom. Bot. ed. 2, pt. 2, 150 (1841).
Name only; Gray, Syn. Fl. N. Am. ed. 2, 21, Suppl. 442 (1886).

Diplacus glutinosus var. puniceus Benth., DC. Prodr. 10: 368 (1846);
Lindl. Paxt. Fl. Gard. 8: 95 (1852-1853).

Mimulus glutinosus var. puniceus Gray, Bot. Calif. 1: 566 (1876).

12. Diplacus rutilus (Grant) comb. nov. Red Diplacus.

Fig. 23.

An erect freely branching shrub, l 1/^ to 3 feet high, with more
or less densely pubescent and glandular-hairy stems, branches,
lower surfaces of leaves, calyces, and pedicels. Leaves 1% to 3

inches long, % to % inch wide, linear-lanceolate to broadly ob-

long-lanceolate, the upper surface dark green, glabrous, or with
a few glandular hairs, distinctly impressed-veiny, the lower sur-

face lighter green, obviously villous with numerous long simple
and fewer branched glandular hairs, the margin finely toothed to

nearly entire, revolute, the axils often with a cluster of several

smaller linear leaves. Pedicel 1/g to 14 inch long, glandular-
hairy; calyx 114 to iy2 inches long, glandular-hairy, usually tinged
with red, the basal tubular portion expanding gradually to

abruptly upward into a broader throat which is somewhat con-
tracted near apex; corolla deep velvety red, the edges of the
lobes often tinged with yellow, 1% to 2l/o inches long, the in-
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eluded tube % to % inch long, yellow, the throat abruptly ex-

panded from the tube, % to % inch long, the limb with a dorso-
ventral spread of 1% to 2 inches and a lateral spread of the 3

lower lobes of 1% to 1% inches, the 2 upper lobes with a pro-

nounced lateral notch and irregularly toothed, spreading at right

angles to the throat or slightly recurved, the 3 lower lobes ir-

regularly and finely to coarsely toothed or rarely nearly entire at

their tips, curving forward from the throat; stamens included;

style with stigma included. Capsule about % inch long, opening
along the upper suture. Flowering period, March to June.

Distribution. Red Diplacus occurs in coastal southern Cali-

fornia in a few scattered localities in southeastern Ventura, Los
Angeles, and western Riverside counties. It is associated with
Diplacus longiflorus and with hybrids between these two.

Representative localities and specimens. California. Ventura Co.:

boulder-covered slopes about 3 mi. e. of Santa Susana, H. E. McMinn $ M. Van
Rensselaer, in series 1886 A-F (UC); Santa Susana Pass, Adele L. Grant
1650 (D, K, G, P). Los Angeles Co.: hills near Chatsworth Park, F. Grinnell,

Jr7~(P 8128) ; near San Dimas Canyon, P. A. Munz 3362 (MO, P) ; hills w. of

Pomona on Highway 99, near summit, H. E. McMinn $ M. Van Rensselaer 1888
A (UC) (flowers smaller and calyces less hairy than in some specimens)

;

Turnbull Canyon, near Whittier, H. E. McMinn $ M. Van Rensselaer 1913 A
(UC); San Dimas Canyon Park, Pomona Quad. Sec. 36, T 1H, R, 9W, el.

1200 ft., Jerome S. Horton 338 (UC-VTM) ; base of Santa Susana Pass, el.

1200 ft., abundant in sandstone, C. B. Wolf 7772 (UC) ; Chatsworth Lake, /. F.
Ashley (UC 688888). Riverside Co.: along Indian Canyon Truck Trail, Santa
Ana Mts., el. 2800 ft., H. E. McMinn $ M. Van Rensselaer 1894 A (UC) (prob-
ably some genes from D. australis and D. puniceus in this).

Type. Rocky outcropping at Santa Susana Pass, Ventura County, Cali-

fornia, June 10, 1920, Adele L. Grant 1650 (MO 894182).
References. Diplacus rutilus (Grant) McMinn.
Mimulus longiflorus var. rutilus Grant, Ann. Mo. Bot. Gard. 11: 333 (1924).
Diplacus longiflorus var. rutilus (Grant) McMinn, 111. Man. Calif. Shrubs

498 (1939).

13. Diplacus stellatus Kell. Cedros Island Diplacus.
This taxon is of uncertain status. It is known to me only from

herbarium specimens collected on Cedros Island, Mexico. From
these specimens, it is not possible to discern the color of the

flowers. E. L. Greene, however, reported the flowers to be the

same color as those of D. aurantiacus (D. glutinosus)
,
namely

orange-yellow, and only half as large.

Original Description. "Stem shrubby, erect, striate, stellate,

hoary, dry. Leaves lanceloate, narrowed at the base and apex,
quite entire; margins revolute, clammy, varnished, green above,
dry, densely stellate and hoary beneath

;
apex terminated by a

large gland. Peduncles short, axillary, solitary (about half the

length of the calyx, or one-fourth that of the leaves). Calyx tubu-
lar, elongated (three-fourths to one inch in length), five-angled,

angles slightly winged, teeth unequal, two upper longest. Flowers
small, tube long (one inch or more), somewhat arched. Stem
light cinnamon or orange color."
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Fig. 23. Diplacus rutilus (Grant) McMinn. (Mimulus longiflorus var.

rutilus Grant.)
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The name stellatus is a misnomer, for the stellate hairs cer-

tainly do not belong to this species or any other species in the

genus Diplacus. The under surfaces of the leaves are densely
covered with simple and branched glandular and non-glandular
hairs. Numerous stellate hairs undoubtedly from other plants

have apparently been caught by the glutinous foliage, and are

found scattered over the specimens examined.

Specimens examined. Lower California, Mexico. Cedros Island: Dr. J. A.
Veatch (G), without date; E. L. Greene, May 1, 1885, in fruit (D 77466, MO
92468) ; E. L. Greene, April 30, 1885, in flower (BM) ; Dr. Edward Palmer 728, <

March 18-20, 1889 (G) (flowers small, resemble those of D. parviflorusJJ
A. W. Anthony 47, July-October 1896 (D, G, UC) (leaves revolute, densely
glandular-hairy beneath, glandular and glutinous above, the pedicels and
younger upper branchlets minutely glandular-hairy, flowers small, the corolla-

tube somewhat arched as in D. parviflorus) ; T. S. Brandegee, April 1, 1897,

in flower (MO) (leaves % to 1% inches long, ovate-lanceolate or lanceolate to

linear-lanceolate, distinctly glandular and golden-pubescent beneath, glabrous
and glutinous above, revolute; pedicels about % inch long; calyx glabrous or
nearly so).

Type collection. Cedros Island, Baja California, Mexico, without date,

Dr. John A. Veatch (G).

References. Diplacus stellatus Kell., Proc. Calif. Acad. ser. I, 2: 18 (1863).

Diplacus glutinosus var. stellatus (Kell.) Greene, Pittonia 2: 155 (1890).

Mimulus stellatus (Kell.) Grant, Ann. Mo. Bot. Gard. 11: 337 (1924).

14. Diplacus linearis (Benth.) comb. nov. Fig. 24.

This entity is discussed under section treating natural hybrids

(p. 87).

Type. Nova California, 1833, D. Douglas (BM).
References. X Diplacus linearis (Benth.) McMinn.
Mimulus linearis Benth., Scroph. Ind. 27 (1835).

Hybrids

The variations that exist in a population of plants are always
of interest to the taxonomist. To discover the nature of these

variations is one of the main functions of taxonomic botany. Are
they due to gene mutations which may be the starting points for

neAv subspecies or species ? Are they due to the action of local

environmental factors and therefore considered as modifications

which are of little consequence in starting new fixed entities ?

Or are they due to hybridization of two or more interfertile

entities which overlap in their geographical distribution ? In an
effort to answer these questions for the genus Diplacus, I have
studied many populations in the field and in the garden, and have
made numerous crosses involving most of the natural entities.

Evidence obtained from these populations and crosses convinces

me that most of the variations are due to natural hybridization of

two or more field entities which in the past occupied, or which
now occupy, areas of overlapping distribution. I also believe

that hybridization, particularly the introgressive type, has been
important in the evolution of this genus. Some of the observa-
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TABLE 1. DIAGRAMMATIC REPRESENTATION OF NATURAL CROSSES OCCURRING AMONG

THIRTEEN FIELD ENTITIES

aridus rutilus

stellatus (of uncertain status)

tions supporting these conclusions are presented under the three
following subheadings : Natural Hybrids., Artificial Hybrids, and
Garden Hybrids. Natural hybrids may be referred to as field

hybrids. They include all hybrids which occur naturally in the
wild. Artificial hybrids are those resulting from hand-pollina-
tion. Garden hybrids include those which occur without hand-
pollination when different entities are brought into cultivation.

Natural Hybrids. In the following discussion of a few of the
known field hybrids and hybrid swarms or populations, I shall

begin with those that occur farthest to the north and probably the
farthest away from the assumed point of origin and center of

distribution of the genus. The natural field crosses are graphic-
ally represented in table 1. For a clear understanding of these

hybrids, it is necessary that the studies be made upon living plants

because herbarium material is not reliable for determining the

color and the size of flowers.

From observations made upon field hybrids, it appears that

when the putative parents occupy the same area as the hybrids,

the population shows a wide range of variation, while if only one
parent is present, the putative hybrids more closely resemble that

parent, and if neither parent now occupies the area populated by
the putative hybrids, the latter tend to be much more uniform
and often intermediate, in many characters, between the two
putative parents.

D. aurantiacus X D. fasciculatus [x D. linearis (Benth.) Mc-
Minn], fig. 24. Hybrid populations which display innumerable
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variations between D. aurantiacus and D. fasciculatus have been
observed in the Upper Carmel Valley, along the Big Sur River in

Monterey County, and along Chalone Creek and its washes in the
Pinnacles National Monument in San Benito County. Some of

Fig. 24. Type of x Diplacus linearis (Benth.) McMinn. (Mimulus linearis

Benth.) Specimen at the British Museum of Natural History.

the specimens in the Chalone Creek area are slightly pubescent,
a condition which may be due to an infiltration of genes from D.
longifiorus, a third field entity which has been collected in a few
scattered localities in adjacent Monterey and San Luis Obispo
counties.

In the region of the headwaters of the Big Sur River in the

Santa Lucia Mountains of Monterey County, D. fasciculatus occurs

in typical form, while at the lower reaches of the river most speci-

mens which appear as that entity possess characters undoubtedly
the result of genes from D. aurantiacus, the common entity at the

mouth of the Big Sur River and adjacent coastal bluffs. Garden
plants grown from seeds of these putative hybrids display the

same variations as found in the natural populations.
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In September, 1945, Mrs. Hans Ewoldsen sent the writer seeds

which she had collected at Big Sur, California, from a population
of Diplacus which appeared to possess characters of D. fasciculatus

and D. aurantiacus. Seven lots of seeds, each lot collected from a

different plant, were planted in the trial garden. Of the

numerous plants grown from these seeds, only a few showed a

combination of characters sufficient to classify them either as D.
aurantiacus or D. fasciculatus. Most of the plants displayed re-

combinations of characters which had probably resulted from
gene flow between the putative parents, D. aurantiacus and D.
fasciculatus, and the progeny of their subsequent backcrosses and
intercrosses (introgressive hydridization) . Five plants from each
of the seven lots were chosen at random for further observation
under as nearly uniform conditions as the garden normally pro-

vided. Plants of lot 6A displayed foliage characteristics more
like those of D. aurantiacus. Plants of lot 6B showed more varia-

tion in foliage characters, but none had the pubescence on the

lower leaf-surfaces which is characteristic of most leaves of D.
aurantiacus. One plant had leaves quite similar to those of D.
grandiflorus, an entity closely related to D. fasciculatus which is

found in the northern Sierra Nevada. The plants of lots 6C and
6E possessed foliage characters much like those of D. fasciculatus,

while those of lots 6D, 6F, and 6G had intermediate foliage char-

acteristics. Only a few plants had flowers with the deep corolla-

lobe notches characteristic of D. fasciculatus.

The type specimen of Mimulus linearis Benth. (fig. 24) col-

lected by David Douglas "in California" so closely matches one
of these hybrids that I have concluded that Douglas must have
collected his specimen from one of the hybrid populations, and
that it should be recognized as x Diplacus linearis (Benth.) Mc-
Minn.

Representative specimens and localities. California. San Benito Co.:

Pinnacles National Monument, entrance to camp grounds, H. E. McMinn 5471-

5476 (UC); wash into Chalone Creek, H. E. McMinn 5534 (UC). Monterey
Co.: upper Carmel River Valley, with D. fasciculatus, H. E. McMinn 5519
(UC); near Big Sur P. O., H. E. McMinn $ Mrs. Hans Ewoldsen 548IS484
(UC); about 19 miles from King City, along road through Hunter Liggett
Military Reservation to Memorial Park, el. 1250 ft., H. E. McMinn 5541 (UC) ;

Santa Lucia Mts., R. A. Flasket 122 (G, NY). San Luis Obispo Co.: 7.3 mi. w.
of Paso Robles, on Adelaida Road, el. 1620 ft., H. E. McMinn 5553 (UC);
6 mi. s. sw. of Lynch Ranch, Bradley Quad. Sec. 10, T 25S, R 9E, el. 1800 ft.,

K. E. Bradshaw 171 (UC-VTM) ; 1.9 mi. e. ne. of Lincoln School, Adelaida
Quad. Sec. 18, T 26S, R HE, el. 1100 ft., G. T. Nordstrom 1131 (UC-VTM).
There may be some D. longiflorus genes in the San Luis Obispo County material.

D. aurantiacus X D. longiflorus (x D. fasciculatus?) . Along the
road banks on the Jolon Grade southwest of King City a popula-
tion occurs in which most of the plants have considerable pubes-
cence on the calyces, the upper branchlets, and lower surfaces of
the leaves and in which the flowers are of a yellow hue varying
in intensity and value. This hybrid population could be the result



90 MADRONO [Vol. 11

of crossing and backcrossing between D. aurantiacus and D. longi-

florus, and probably D. fasciculatus is also involved. These three
natural entities, although not now occuring in pure form at that
locality, do occur in the general area.

Farther south in Monterey and San Luis Obispo counties and
in northwestern Santa Barbara County it is difficult to assign most
of the plants observed at the lower elevations to any of the typical
forms of the currently described field entities. They appear, in

some localities, to be intermediate between D. aurantiacus and D.
facsiculatus, in other localities, between D. longiflorus and D. fasci-

culatus, and in still others, between D. aurantiacus and D. longiflorus.

These intermediate variants appear rather uniform in many char-
acteristics and may represent a segregating population which
possesses an entirely new combination of genes better suited to
the areas in which they occur than were the putative parents.
Most of these areas, although they now appear rather stable,

show evidence of having been disturbed at some earlier time.
This is particularly noticeable in populations on and adjacent
to Lompoc Mesa in Santa Barbara County. These rather uniform
populations appear as nearly glabrous forms of the light orange-
colored D. longiflorus and are herein considered under the
binomial D. lompocensis. Occasional specimens have been ob-
served throughout the distributional area of D. longiflorus which
are nearly as glabrous as the plants on Lompoc Mesa. In

many characteristics these plants are quite similar to those from
west central San Diego County which have been referred to D.
australis. However, the hairy lower surfaces of the upper leaves,

the minutely pubescent upper branchlets, and larger calyces of the

Lompoc plants set them apart from the San Diego entity.

Representative specimens and localities. California. Monterey Co.:

Jolon Grade, el. 1400 ft., 12 m. sw. of King City, H. E. McMinn 5535-5540
(UC), also L. R. Abrams 6467 (D, NY) ("flowers orange color"); 6469 (D,
NY) ("flowers cream-yellow"); 6470 (D, NY) ("flowers pale cream color").

San Benito Co.: along Tres Pinos Creek, 1 mi. se. of Emmet School, Panoche
Pass Road, /. L. Wiggins <§ Roxana Ferris 9354 (D) ; wash into Chalone Creek,
Pinnacles National Monument, H. E. McMinn 5532, 5533 (UC). San Luis
Obispo Co.: 10 mi. w. of Paso Robles, on Adelaida Road, el. 1700 ft., H. E.
McMinn 5554 (UC) ; 13 mi. w. of Paso Robles, Roxana Ferris 9767 (D); y2
mi. se. of mouth of Placer Creek, el. 1650 ft., La Panza Quad., W. A. Peterson
828 (UC-VTM).

D. lompocensis x D. longiflorus X D.f Some specimens growing
in areas adjacent to the Lompoc Mesa area of Santa Barbara
County show the effect of gene flow from D. lompocensis, D. longi-

florus, D. aurantiacus and probably D. fasciculatus.

Representative specimens and localities. California. Santa Barbara Co.:

Gaviota Pass, L. R. Abrams 5033 (D), and Ralph Hoffman (SM 11487); Zaca
Lake, Ralph Hoffman (SM 9882) ; Madulce, San Rafael Mts., el. 5500 ft., Ralph
Hoffman (SM 7590) ;

brushy hillsides, Hope Ranch, Ralph Hoffman (SM
2787).

D. longiflorus x D. parviflorus. Diplacus longiflorus and D.
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parviflorus are the only distinct entities found on Santa Cruz Is-

land. The former usually inhabits the open hillsides and the

latter occurs on the shady slopes and in canyons. In several

places where these two taxa have invaded common ground, hybrid

swarms are found displaying many combinations of leaf, calyx,

and corolla characters.

Representative specimens and localities. Santa Barbara Co. Santa
Cruz Island: "steep ravine above Marine Garden, el. ca. 600 ft.," Ira W.
Clokey 5059 (CM, P, UC) (calyx slightly villous, with shape of D. parviflorus,

flowers reddish but much larger than in D. parviflorus) ;
Frey's Harbor, el. 80

ft., A. L. Grant 1704 (D, P) (corolla bronze to salmon color) ; Friar's Canyon,

Ira W. Clokey 5205, 5177 (UC-C1) (from a hybrid swarm). Santa Cruz Island

without specific locations: Ralph Hoffman (SM 11145, 1279, 2385) (flowers

large, with varying shades of red and yellow, calyces large and small, glabrous

to hairy) ; H. M. Hall 8202 (UC), L. R. Abrams $ I. L. Wiggins 1U> 135 (UC).

D. longiflorus x D. rutilus. In the Santa Susana Pass area of

Ventura County, on the hills west of Pomona, in Turnbull Canyon
near Whittier in Los Angeles County, and on the eastern slope of

the Santa Ana Mountains of western Riverside County, many
hybrids have been observed involving D. longiflorus and D. rutilus.

These two entities are quite similar in all characteristics except

for the color of their flowers. The former has orange-yellow

flowers of varying intensity and value and the latter has dark red

ones. Although varying most conspicuously in the color of their

flowers, these hybrids show some variations in leaf and stem
characters, in size, shape, and pubescence of calyces, and in the

size of their flowers as well. These variations are probably due
to the infiltration of genes from D. puniceus or its hybrids with
those of D. longiflorus and D. australis, which entities may occur in

the same areas. (See ID. longiflorus x D. rutilus x D. puniceus x D.
australis).

Representative specimens and localities. California. Ventura Co.:

boulder-covered slope ca. 3 mi. e. of Santa Susana, H. E. McMinn <$• M. Van
Rensselaer 1886 B, C, D (UC). Los Angeles Co.: hills w. of Pomona, summit
of grade on Highway 99, H. E. McMinn $ M. Van Bensselaer 1888 B, C, (UC) ;

Turnbull Canyon, near Whittier, H. E. McMinn <$ M. Van Rensselaer 1913
B, C (UC). Riverside Co.: Indian Canyon Truck Trail, e. slope of Santa Ana
Mts., el. 2100 ft., H. E. McMinn $ M. Van Rensselaer 1889 D, E, F, (UC),
probably some D. puniceus genes in these specimens.

D. longiflorus x D. Clevelandii. The only known occurrence of
natural hybrids between D. Clevelandii and any other field entity

is on the eastern flanks of the Santa Ana Mountains in western
Riverside County. In this area D. Clevelandii normally occurs at

elevations above 3000 feet and D. longiflorus at elevations below
3000 feet. Here at an elevation of 3150 feet along the Indian
Canyon Truck Trail both of these entities were found as well as

a number of apparent hybrids. Some of the hybrid plants were
as much as three feet high and had the definite woody stems of
D. longiflorus, while others resembled in habit of growth and in

leaf characters the other putative parent, D. Clevelandii. One
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specimen (1895B) has pedicels 1 inch long. Such long pedicels may-

be due to genes from D. puniceus, which occurs at lower elevations

down the trail. Plants grown from seeds of these hybrids show
many characteristics intermediate between the assumed parents

(fig. 25, -2-3-4-6-7). A differential survival value was distinctly

exemplified by the garden-grown progeny. Those with a greater

share of D. longiflorus characters thrived while those with pre-

sumably more genes from D. Clevelandii soon died under garden
conditions.

This hybrid population was of interest, especially since D.
Clevelandii differs in the character of fruit dehiscence from all

other entities of the genus Diplacus. In its habit of growth and
the configuration of the flowers, D. Clevelandii resembles some
members of the genus Mimulus more than any of the entities in the

genus Diplacus.

Representative specimens and localities. California. Riverside Co.: along
Indian Canyon Truck Trail, east side Santa Ana Mts., el. 3150 ft., H. E. McMinn
# M. Van Rensselaer 1895, 1896 (UC).

D. calycinus x D. aridus? In the Warner's Hot Springs-Borego
area of north central San Diego County there occur plants which
appear to be very close to D. calycinus, but which show some char-

acters of D. aridus as well. It may be that D. calycinus itself is of

hybrid origin, the outcome, probably, of crosses involving D.
longiflorus and D. aridus. See Artificial Hybrids p. 110 and Bio-

logical Relationships p. 117.

D. puniceus x D. australis. In many areas of San Diego County,
in a few localities in adjacent Orange and Riverside counties, in

northern Lower California, and on Santa Catalina Island, there

are to be found hybrid swarms which have probably resulted from
the crossing and backcrossing of D. puniceus and D. australis. In

these swarms, introgressive hybridization has evidently been
going on for so long that "yellow-flowered" D. puniceus and "red-

flowered" D. australis plants are to be found.
On Santa Catalina Island most of the plants appear to repre-

sent polymorphous entities intermediate in character between
D. australis and D. puniceus. The red-flowered, puniceus-like

plants usually have the short pedicels characteristic of D. australis.

Representative specimens and localities. California. Orange Co.: north
slope of Laguna Canyon, ca. 5 mi. e. of Laguna Beach, H. E. McMinn M.
Van Rensselaer 1909 A-I, 1910, 1911 (UC) ; 2 mi. e. of San Juan Hot Springs,
Alice Eastwood $ J. T. Howell 3931 (CA) ; Santiago Canyon, H. M. Hall
9404, 9405 (UC). Riverside Co.: Smith Mt., H. M. Hall (UC 26710) ; Temecula
Grade to Rainbow, H. E. McMinn $ M. Van Rensselaer 1900 A-D (UC).
San Diego Co.: head of Deluz Creek, el. 1000 ft., H. A. Jensen 151 (UC-VTM),
close to D. puniceus; Castro Canyon of Agua Tibia, F. F. Gander 4315 (SD) ;

top of rocky bluff between San Vicente Creek and San Diego River, near Lake-
side, F. F. Gander 1812 (SD) ; near county line on U. S. Highway 395, F. F.
Gander 3648 (SD); "hillsides", Ballena, Cleveland Collection 7004 (SD) ; burn
at Dulzura, F. F. Gander 9450 (SD) ; Bear Valley, Cleveland collection 1156
(SD); along highway to Palomar Mt., Mrs. Ethel Higgins 3(=H. E. McMinn
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TABLE 2. POTENTIAL RECOMBINATIONS INVOLVING THREE SINGLE GENE CHARACTERS

Single Gene Characters
Comb i nat i on

number
Potential or

Resulting Forms

Pedicel
short

(1/4 to

3/8 in.)

Calyx distinctly:
ha i ry

Calyx intermed.

Calyx glabrous

red 1 rut i lus
intermed. 2 longiflorus x rutilus
yellow 3 long i f lorus

red 4 rutilus x puniceus x ?

intermed. 5 rutilus x australis
yellow 6 longiflorus x australis

red 7 puniceus x australis
intermed. 8 australis x puniceus x ?

yellow 9 austral i s

Ped i eel

long
(3/8 to

1 inch)

Calyx glabrous

< Calyx intermed.:

Calyx hairy

red 10 pun i ceus
II

i ntermed

.

11 pun i ceus X austral i s

yellow 12 1 i near i s X puniceus x ?

red 13 pun i ceus x longiflorus x

i ntermed

.

14 puniceus x long i f lorus?

yellow 15 longiflorus x puniceus

red 16 pun i ceus x rutilus
II

i ntermed. 17 pun i ceus x longiflorus x ?

yellow 18 pun i ceus x longiflorus x ?

When only three characters are considered (length of pedicel, calyx sur-

face, flower color), there are eighteen combinations which might result if

single genes are presumed to recombine freely. Plants exemplifying 16 of these
recombinations have been found in nature, the other two in garden culture.

5487) (UC) ; hills near Ysidora, L. R. Abrams 3286 (G, P, NY). Los Akgeles
Co. Santa Catalina Island: Hamilton Canyon, near Avalon, F. R. Fosberg
8 4434 (P); Hamilton Beach, F. R. Fosberg 8 4497 (P, NY); canyon above
Villa Park, F. R. Fosberg 8121 (P)

;
Pebbly Beach road, el. 50 ft., F. M. Reed

2816 (UC); Big Wash, dry creek bed, L. W. Nuttall 1008 (P).

D. longiflorus x D. rutilus x D. puniceus x D. australis. In several

localities in southern California, hybrid swarms are found which
appear to result from the crossing and the subsequent backcross-
ing of two or more of the following entities : D. longiflorus, D.
rutilus, D. puniceus, and D. australis. Table 2 represents eighteen
combinations which could be expected if single genes for the

following characters were to recombine freely: length of pedicel,

hairiness of calyces, and color of flowers. If other characters,

such as size of flowers and hairiness of foliage, were considered,

the chart could be extended to show innumerable combinations.
All but two (Nos. 16, 17) of the eighteen possible combinations
have been observed in field hybrid-swarms, and two of these

(Nos. 16 and 17) have appeared in garden cultures. The total

number of combinations would depend upon the degree of in-

breeding and the number of pairs of factors involved.

In areas adjacent to large populations of D. longiflorus, the

hybrids show a preponderance of D. longiflorus characters, but
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where they are adjacent to large populations of D. puniceus or D.
australis, they have more characters in common with these two
latter entities.

Representative specimens and localities. California. Ventura Co.: Santa
Susana Pass, H. E. McMinn $ M. Van Rensselaer 1886 A-F (UC), A. Grant
1650 (D, G, P) is D. rutilus; Goodenough Meadow, Mt. Pinos region, W. B.
Dudley & H. Lamb 4756 (UC). Los Angeles Co.: hills near Chatsworth Park,

F. Grinnell, Jr., (P 8128, 8131); San Antonio Canyon, Claremont, C. F. Baker
5354 (UC, P); San Dimas hillsides, el. 2000 ft., H. F. Chandler (UC 27611),
pedicels of D. puniceus; Turnbull Canyon, near Whittier, H. E. McMinn & M.
Van Bensselaer 1918 A-D, 1914 A-C (UC) ; San Jose Hills w. of Pomona, H. E.
McMinn $ M. Van Bensselaer 1888 A-D (UC), P. A. Munz 8r B. D. Harwood
3339,3355, 3356 (P); Puddington Canyon, Munz, Street, & Williams 2447 (P).
See Catalina Island under Los Angeles Co., for D. puniceus x D. australis.

Orange Co.: Santa Ana Mts., Bear Springs, el. 4300 ft., Trabuco Peak, el. 4000
ft., W. Pequegnat (P 256706, 256713) ; ca. 5 mi. e. of Laguna Beach, H. E.
McMinn & Van Bensselaer 1910 A-D, 1909 A-I,1911 A-E (UC). Riverside Co.:

Indian Canyon Truck Trail, e. slope Santa Ana Mts., el. 2100-2800 ft., H. E.
McMinn & M. Van Bensselaer 1894 A-F, 1889 A-F, 1892. 1893, (NC) ; Gavilan
Hills, vicinity of Riverside, el. 500 ft., H. M. Hall 2928 (CM, P, UC) ; butte due
w. of Lakeview, I. M. Johnston 2280-2298 (P), (P 8582); Pleasants Peak
(Sugarloaf Pk.), el. 4000 ft., W. Pequegnat (P 256714) ;

dry hills near Temecula,
P. A. Munz 2145 (P) ; Temecula Grade to Rainbow, near summit, H. E. McMinn
& M. Van Bensselaer 1900 A-D (UC). San Diego Co.: San Felipe Creek,
Chariot Canyon, D. D. Keck & Alice McCully 115 (P) ; low chaparral near Mt.
Helix, /. L. Wiggins 1878 (P, UC), close to D. puniceus x D. australis; Bear
Valley, D. Cleveland (SD 7003).

Artificial Hybrids. With the main objectives of obtaining
more desirable plants for use as garden ornamentals and of de-

termining the biological relationships between taxa in Diplacus,

a program of artificial hybridization of field entities was initiated

in the spring of 1946 and continued through 1949. This program
was interrupted temporarily during 1950 because of the writer's

absence abroad.

The parental plants for these experiments were mainly of two
types : those grown from seed, and living plants transplanted
from the field. In both cases, material was obtained in areas

where there was little chance for contamination by another entity.

In the cases of the parent plants of D. parviflorus and D. rutilus,

which were garden-grown, it was necessary to "self" the plants to

be certain of their constancy. Subsequent to the original cross-

ings, plants from all parent populations were tested, and, with the

exception of D. Clevelandii, were found to be reasonably constant

for the characters under observation.

In the case of D. Clevelandii, the seeds for the parent plants

were obtained in the Santa Ana Mountains of western Riverside

County from a plant occurring near a small, mixed population of

D. longiflorus, D. Clevelandii, and their hybrids and derivatives.

From the 200 seeds planted, six seedlings appeared and of these

only two grew to maturity for use as parent stock. This ex-

tremely poor germination and survival might be explained if the
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Fig. 26. Diplacus grandiflorus x D. rutilus, F ± No. 107. Grandrutilus
Diplacus.



Fig. 27. Diplacus aridus x D. nitilus, Fi No. 100. Blanche Mclnnes
Diplacus.
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seed parents were derived from distantly related entities having
relatively weak intercompatibility. Such an hypothesis is sup-

ported by the high percentage of sterile pollen produced by the

wild seed parent and the two progeny, as well as by the differen-

tial survival value of garden-grown seedlings from wild hybrid
populations of D. longiflorus x D. Clevelandii. Under garden con-

ditions those seedlings showing morphological characters of D.
longiflorus thrived, while those apparently having more genes of

D. Clevelandii soon died. In the field, very few of the plants in

the hybrid population could be identified, upon morphological
characters, as D. Clevelandii; most of them appeared intermediate

or more closely resembled D. longiflorus.

The objective of producing more striking garden ornamentals
was furthered by crossing the three red-flowered entities, D.
parviflorus, D. puniceus, and D. rutilus, with those of the yellow-

and buff-flowered groups which possessed certain characteristics

desirable in garden plants. At the present writing, several of

these crosses have shown sufficient potentialities as garden sub-

jects to warrant further crossing and selection. Two of these,

Grandrutilus Diplacus (D. grandiflorus X D. rutilus) (fig. 26) and
Blanche Mclnnes Diplacus (D. aridus x D. rutilus) (fig. 27) have
already been described by McMinn (1949). These and other

undescribed hybrids are discussed in the section on Garden Cul-

ture and Horticultural Possibilities.

One of the primary aims of taxonomic botany is to discover
the degree of relationship that exists among the members of a

given group of plants. In recent years, artificial hybridization
experiments have been recommended and extensively used by
Clausen, Keck, and Heisey (1939, 1940), Stebbins (1942, 1950),
Grant (1950), Mayr (1942), Epling (1947a, b), Dobzhansky
(1941), and many other workers in plant and animal taxonomy as

an important technique in revealing these relationships.

In order to ascertain the relationships among the field entities

of Diplacus, numerous crosses involving eleven of these entities

were made (Tables 3 and 4). Some of the F t progeny were
"selfed", others were backcrossed to one or both parental types,

and a few were outcrossed to other parents. For identification

purposes, numbers 1 to 99 were given to the parents, 100 to 199 to

the Fx hybrids, 200 to 299 to the F 2 plants, 300 to 399 to back-
cross progeny, and 400 to 499 to plants resulting from outcrossing.

Explanation of Table 3.

Table 3. Artificial Crosses. Graphic representation of artificial crosses
showing parents and Fi hybrids (the latter indicated by identification number
assigned in the culture records.) Numbers adjacent to a given parent indicate
that this parent was the female in the cross. For example, in the cross between
D. puniceus and D. longiflorus, the female parent for Fi progeny nos. 109 and
111 was D. puniceus and the male parent was D. longiflorus. Fi progeny nos.
108 and 110 represent hybrids resulting from the reciprocal cross.
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Ten of the eleven field entities used as parents, D. aridus,

aurantiacus , australis, calycinus, fasciculatus, grandiflorus, longiflorus,

parviflorus, puniceus, and rutilus, proved to be quite self-compatible

and produced abundant and viable seed with their own pollen.

The eleventh, D. Clevelandii, set very few fertile seeds when
"selfed" or crossed with other entities. It also produced very-

few mature capsules when left for open pollination.

Viability of pollen grains in populations of ten of the parent
plants was tested for three consecutive years and was found to be
from 95 to 100 per cent viable, in most cases. The pollen of D.
Clevelandii, however, was only 33 to 50 per cent viable for the two
garden plants and 60 to 95 per cent viable for the wild parent
plant. Lessened viability of pollen in garden-growth plants was
also noted in D. aridus, D. calycinus, and D. parviflorus.

Methods of Hybridization. Because of their size and the ease

of determining maturity of the anthers and stigmas, crossing the

flowers in Diplacus is a relatively simple operation. At the tip of

the style is the flattened stigma, its two glandular-pubescent stig-

matic surfaces remaining closely appressed against one another
until maturity, when through the elongation of the style they have
reached a position slightly above the longer pair of stamens.
These stigmatic lobes then open and remain so for two or three

days unless irritated by pollen or foreign substances. The
anthers ripen at about the same time as the stigma, or, at most,
only a day or so later than the spreading of the stigmatic lobes.

Because of the position of the stigmatic lobes, self-pollination

would hardly be expected unless brought about by the numerous
bees, beetles, flies, and other insects, and even humming birds

which visit the flowers.

Pollination was accomplished by applying pollen to the stig-

matic surfaces with forceps or by touching them with the ripe

anthers from the desired male plant. The stamens of the pol-

linated flowers were then removed and a wax paper bag was
placed over the flowers to prevent insect pollination. Stigmas
which were receptive to the pollen remaind closed; otherwise they
re-opened and could be re-pollinated.

The jPj Hybrids. All crosses undertaken, except some involv-

ing D. Clevelandii, were successful (see tables 3 and 4). The
pollen of the F x hybrids and of the reciprocals was for the most
part as viable as that of their parents. The exceptions were: F x

hybrid D. grandiflorus x D. parviflorus (No. 114), which had scant
pollen only about 30 per cent viable, some of these grains being of

exceptionally large size ; the reciprocal D. parviflorus x D. grandi-

florus (No. 115), which had pollen about 50 per cent viable; Fi
hybrid D. grandiflorus x D. puniceus (No. 113), which had about
50 per cent viable pollen ; the reciprocal D. puniceus x D. grandi-

florus (No. 112), which had practically no viable pollen, one
flower having no pollen in any of its four anthers

;
¥ ± hybrid D.
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longiflorus x D. parviflorus (No. 126), which had about 53 per cent
viable pollen; the reciprocal D. parviflorus X D. longiflorus (No.
124), which had about 28 per cent viable pollen; and the recip-

rocal D. puniceus x D. aridus (No. 103), which had 0 to 5 per cent
fertile pollen for 18 plants and about 70 per cent fertile pollen
for two plants. The cross D. aridus x D. puniceus (No. 102) had
90 to 98 per cent fertile pollen.

It is worthy of note that in the two crosses D. aridus X D.
puniceus and D. puniceus x D. grandiflorus, the pollen fertility was
greatly reduced for its reciprocals. Reciprocal differences in

sterility of hybrid pollen have been reported also by Grant (1950)
for Gilia, by Skalinska (1928) for Aquilegia, and by Lehmann
(1931) and Michaelis (1933) for Epilobium.

In those crosses involving D. Clevelandii, it was found that Z).

Clevelandii was not receptive to pollen of D. grandiflorus, D. longi-

florus, D. parviflorus, and D. puniceus, but was receptive to pollen

of D. rutilus. Pollen of D. Clevelandii on D. grandiflorus (No. 5-

14) was effective and many viable seeds were formed, but the

same pollen on D. grandiflorus (No. 5-4) was ineffective. The
pollen of the garden plant of D. Clevelandii was only 33 to 50 per
cent viable, but this should not necessarily account for the dif-

ference of pollen receptivity by the two different parents of the

same lot of D. grandiflorus. Further crossings should be carried

on before speculations and conclusions are made.
Seed germination of the F 1 hybrids was in most cases equal to

that of the parents, and the mature hybrid plants were healthy
and vigorous. Observations on intercompatibility, pollen fer-

tility, seed germination, and vigor of hybrid plants all indicate

that the entities concerned are very closely related. (See section

on Biological Relationships and Evolution.)

Inheritance of Characters. Although a study of the hereditary

behavior of characters was not one of the primary aims of the in-

vestigations, a few pertinent observations will nevertheless be
given. The pedicel-length in D. parviflorus and D. puniceus typ-

ically varies from y2 to 1 inch long, in D. aurantiacus it varies from
to % inch long, and in all other entities its length is about 14

inch. In crosses involving entities with the long and the short

pedicel, the long pedicel appeared dominant. The three entities

with red flowers, D. parviflorus, D. puniceus, and D. rutilus, when
crossed with entities of yellow- or buff-colored flowers, produced
intermediate flower color in all cases. In subsequent hybrids,

many hues of various intensities appeared, thus suggesting that

flower color was the result of multiple factors rather than of a

single dominant one. The corolla-tube of D. aridus is extended
beyond the calyx, and in D. calycinus it is also more or less ex-

serted. When these were crossed with entities in which the

corolla-tube is included, the results were such that the character

of the exserted tube appeared to be dominant in Fa hybrids. The
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TABLE 5. COMPARISON OF FIVE CHARACTERS OF D. LONG I FLORUS
AND D. PARVIFLORUS AND THEIR F 1 HYBRIDS (AVERAGE FOR 100 FLOWERS).

PLANT

prn
1 PFIr CU 1 O LL

LENGTH
FLOWER
LENGTH

FLOWER
W 1 DTH

FLOWER
COLOR

CALYX
SURFACE

D. longiflorus 3-1 5.8 mm 34 mm 33 mm yellow

n 1 1 h o c r o n +

to

ha i ry

D. parviflorus 1-1 11 mm 30 mm 16 mm orange-
red

glabrous

F 1
= 126 10 mm 35 mm 21.8 mm blend glabrous

Reciprocal = 124 9.8 mm 35 mm 23 mm blend glabrous

upper branchlets and lower leaf-surfaces are noticeably pubescent
to hairy in D. longiflorus, D. calycinus, and D. rutilus. Whenever
these entities were crossed with glabrous or nearly glabrous forms,
the Fi hybrids were glabrous to only slightly pubescent, thus
indicating that the factor for glabrousness is dominant over that

producing the pubescent condition. Various degrees of pubes-
cence were observed in F 2 and other hybrids. Diplacus aridus has
recurved or rotate corolla-lobes, and when crossed with D. rutilus,

D. parviflorus, and D. puniceus, which have the three lower lobes ex-

tended forward, the rotate or recurved condition was dominant
in the F x hybrids. The behavior of a few other characters is re-

corded in tables 4 and 5 and in the summaries of the F 2 and other
hybrids.

F2 Hybrids. F 2 seeds and seedlings were observed from 36
crosses which involved the "selfing" of 17 F 2 hybrids. From ob-

servations on the first germination trials, it appeared that a

lessened viability of seed had occurred, but there was considerable
delayed germination and this when combined with the germina-
tion that occurred in later tests totaled about the same as for the

parent and Fx hybrid seeds. Owing to insufficient numbers of F 2

hybrid plants and to the amount of labor and time involved, the

behavior of factors for characters observed in the F 2 generation
was not analyzed. From the seventeen cases which were observed
and recorded, it would appear that an indefinite number of re-

combinations had taken place.

Bachcrosses and Outcrosses. Eight backcrosses, three recip-

rocal backcrosses and twelve outcrosses were made. Results of
these crosses were recorded and are available for reference at

Mills College.
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Before concluding the section on Artificial Hybrids in Diplacus,
I shall give a brief account of the known hybridization work of
others.

Lemaire (1863) reported crosses between D. aurantiacus (yel-

low-flowered) and D. puniceus (red-flowered) with D. glutinosus

(yellow-flowered) under the names D. glutinosus var. Godroni,
D. glutinosus var. splendidus, and D. glutinosus var. V erschaff'eltii.

VershafTelt later (1863) raised Lemaire's varieties to specific

rank. The sources of the material are not indicated and the
actual field entities involved are unknown. The two taxa, D.
glutinosus and D. aurantiacus, mentioned in the crosses, are now
considered synonymous. Whatever may have been the parentage
of these hybrids, they apparently crossed freely and gave variable
offspring. The author reports all three hybrids as having deep
red corollas. In my experience, whenever a red-flowered parent
is crossed with a yellow-flowered one, intermediate flower color

results. In order to obtain red-flowering plants from such
crosses, I have found it necessary to backcross with the red parent
or to "self" the F 1 generation.

Dr. Adele Grant (1924) reports upon some unpublished work
done by Dr. Loye Miller while the latter was a graduate student
at the University of California at Berkeley. She states that,

"Dr. Miller crossed a plant of M. longiflorus from near Los Angeles
with a plant of M. puniceus from near San Diego. With M.
puniceus as the female parent, the cross was successful ; the
reciprocal cross, however, gave no results. In plants of the first

generation were combined characters of both parents, as would
be expected. . . . The plants produced little pollen so that it

was difficult to get seed from self-pollinated flowers. Neverthe-

less, some were obtained and plants of the F 2 generation showed
red, yellow, and salmon flowers, the salmon ones being the most
abundant."

The results of my hybridization of these two parents are in

general agreement with those of Dr. Miller. A few characters,

however, such as length of pedicel and shape of calyx, instead of

being intermediate in Fi were like the D. puniceus parent. I also

found that the reciprocal cross was successful, and that both

crosses produced much good pollen. There is a possibility that

the climatic conditions in East Oakland may be better than in

Berkeley for such experiments.

Dr. Grant (1924) also pointed out that natural hybrids ap-

parently occur in this group of plants, citing collections of P. A.

Munz, Ivan Johnston, Robert Harwood, H. M. Hall, L. R. Abrams,
W. L. Jepson, D. Cleveland, A. L. Grant, and others to support

this view.

Mr. Victor Reiter, Jr., of San Francisco made a few crosses
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in 1935., but the sources of the parents could not be determined
and no published records were made.

Mr. F. F. Gander of Lakeside, San Diego County, made a

cross between a plant transplanted from Montezuma Valley be-

tween Warner's Stage Station and the Borego region, San Diego
County, and D. australis, a transplanted plant from near Julian,

San Diego County. The Montezuma Valley plant was thought
to have been D. aridus, but examination of the plants in Mr.
Gander's garden leads me to believe the parent (H. E. McMinn
M. Van Rensselaer, 1901) may have been a hybrid between D.
aridus and D. calycinus, or even probably a form of the southern
D. calycinus. The calyces were flared like those of D. aridus, but
hairy as in D. calycinus. The lemon-yellow corollas with exserted
tubes and rotate to recurved limbs are characters shared by both
of these entities. The plant from Spencer Valley (H. E. McMinn
fyM. Van Rensselaer, 1902), had glabrous, trim calyces and orange-
lemon corollas, the tubes of which were included and with the

limb not rotate or recurved. In general appearance the Fi plant,

No. 1903, resembled the parent plant from Montezuma Valley, but
the flowers were larger, the corolla-lobes were not recurved, the

corolla-tube was not exserted, and the calyces were less hairy.

Fi plant, No. 1904, resembled the parent from Spencer Valley, but
had some pubescence on the calyces and on the lower surfaces of
upper leaves. Since the two Fi hybrid plants were so different

from each other, it would appear that one of the parents must
have been a hybrid.

Garden Hybrids. Wherever two or more natural entities have
been grown in gardens which have not been too carefully culti-

vated, spontaneous hybrids usually occur. Such hybrids have been
observed in the Santa Barbara Botanic Garden, at the Rancho
Santa Ana Botanic Garden, Tilden Regional Park, in the Mills

College native plant collection, and in smaller privately owned
gardens. By careful study of these hybrids, it is usually possible to

work out the probable natural entities involved, even though these

entities may not at the time be growing in the gardens.

In the Santa Barbara Botanic Garden, an exceptionally fine

group of hybrids, involving the field entities D. aurantiacus, D.
longiflorus , D. australis, D. puniceus, and D. rutilus, has been grown
for several years. They display an extraordinary range of color

in which forty-two hues have been determined by the Art Depart-

ment of the University of California, Santa Barbara College. The
results of their determination were later published by Mr. M.
Van Rensselaer (1944).

Probable Biological Relationships and Evolution

Rarely, if ever, is one able to bring together sufficient evidence
to present the true evolution of any group of biological forms, and
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the genus Diplacus is no exception. However, from the studies of
field and artificial hybrids, cytology, comparative morphology, and
geographical distribution, certain observations have been made
which seem to indicate definite relationships and trends of evolu-
tion among the existing entities. It appears that hybridization
of the introgressive type has played a prominent role in the evolu-
tion of this group. Important as this may have been in the
evolution of the numerous field forms, there is no definite evidence
that the four entities placed at the bottom of the phylogenetic
chart (table 6) have arisen by this method.

A study of the phylogenetic chart reveals that D. Clevelandii

stands apart from the other entities. The nearly herbaceous na-
ture of the plant, the dehiscence of the capsule along four lines

instead of one or two, the bulbous calyces, and the type of exuda-
tion are characters not found in other field entities in the genus
Diplacus. When we consider the difficulty of producing artificial

hybrids with D. Clevelandii as one of the parents, these characters
are sufficient reasons for setting this entity apart as a distinct

taxonomic "species." Only in the case of the few natural hybrids
formed between D. Clevelandii and D. longiflorus is there any evi-

dence that genes of D. Clevelandii have entered into the evolution

of the remainder of the group.

Diplacus parviflorus is probably one of the most ancient of the

existing entities. In the configuration of the leaves and flowers

this entity has much in common with Berendtia laevigata, a species

native to Mexico. The possibility that the genus Berendtia or

some common ancestor may be ancestral to the genus Diplacus

cannot be ruled out entirely.

The long glabrous pedicel, the slim glabrous calyx, the red-

over-yellow corolla, and the glabrous herbage of D. parviflorus

are characters which appear in D. puniceus, an entity which prob-
ably segregated out of a population in which D. parviflorus was
involved. The more erect habit, larger flowers, and configuration

of the leaves of D. puniceus are characters for which the source of

genes is probably some extinct ancestral form which entered into

a population with D. parviflorus.

The characters of the short pedicel, various hues of yellow
flowers, pubescence of upper stems, branches, pedicels, and caly-

ces, and larger flowers which appear in several field entities may
be accounted for by genes from D. longiflorus , an entity which may
be considered primitive. Whatever may have been the origin

of D. puniceus and D. longiflorus, we have in these two entities

genes which have entered and are continuing to enter into natural

hybrids in southern California wherever the two parents grow
together. I can conceive of past hybridization having taken

place somewhere in what is now southern California at a

time when the coastal islands were a part of the mainland.

As the progeny of these crosses multiplied and backcrossed
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TABLE 6. PROBABLE RELATIONSHIPS AND EVOLUTION IN DIPLACUS

D. AURANT I ACUS
Flowers inter-

mediate; corolla
orange-yellow;
pedicels vari- \^
able ; calyx tr im; \
branchlets and \^
lower surface of

leaves puberulent \

D. AUSTRAL I

S

Flowers large;

corolla yellow;

pedicels variable,
glabrous; calyx
typically trim,

glabrous; branch-
lets and leaves
glabrous

D. LOMPOCENSIS
Flowers large;
corolla yellow;
pedicels short,
glabrous; calyx
swollen; branchlets
and lower surface
of upper leaves
minutely hairy

D. RUTILUS
Flowers large;
corolla red : pedi

eels short, hairy
calyx swollen,
hairy

0. GRAND I FLORUS
I

D. FASCICULATUS
Flowers large;

corolla buff, the

lobes deeply
notched, the tube

typically exserted;
pedicels short,
glabrous; leaves
glabrous . not i m -

pr essed veiny a bove

/ /
/ /

/ /
/ /
/

/
/

/

D. PUNICEUS
Flowers inter-

mediate in size;

corolla red
; pedi-

cels long, glabrous;
calyx trim, gla-
brous

D. LONG I FLORUS
Flowers large;
corolla yellow;
pedicels short,
hairy; calyx swol-

len, hairy; lower
surface of leaves
ha i ry

/ /

\

D. CALYCINUS
Flowers intermedi-
ate; corolla lemon-
yellow, lobes ro-

tate to reflexed,
tube usually exser-
ted

;

calyx flared,
' hairy; lower sur-
\ face of leaves

D. PARVIFLORUS
Flowers small;
corolla r ed

;

pedicels long, gla-

brous; calyx trim,
glabrous; lower
surface of leaves
glabrous

D. LONG I FLORUS
Flowers large;
corolla yellow;
pedicels short,
hairy; calyx swol-

len, hairy; lower
surface of leaves
hairy

D. ARIDUS
Flowers intermed-
iate; corolla
lemon-yellow, lobes

rotate to reflexed,
tube exserted ;

calyx flared, gla-

brous; both sur-

faces of leaves
glabrous, not im-

pressed veiny above

D. CLEVELAND I I

Flowers large;
corolla yellow;
calyx hairy, bul -

bous |

i

?
I

I
MIMULUS

BERENDT I A

!»

D. STELLATUS
Flowers small;
corolla yellow;
pedicels short,
nearly glabrous;
calyx nearly gla-
brous; lower sur-
face of leaves
ha i ry
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with the parents, many new combinations of genes occurred.
The plants containing these genes migrated from their centers
of origin and inhabited new areas, there to segregate into

new entities which possessed the best combination of genes
suited for the different new habitats. At that time, new popu-
lations were separating from the polymorphic parental popu-
lation. That some of this type of segregation is still going on
cannot be denied. From these older populations, such present-
day entities as D. australis, D. aurantiacus, D. lompocensis, and D.
rutilus may have been derived.

Since many of the characters of these field entities are prob-
ably each due to several factors operating simultaneously which
are, therefore, quantitative factors, it is not possible to point out
more than their closest probable relatives. Diplacus australis of

southern California, D. lompocensis of Santa Barbara County, and
D. aurantiacus of northern California, although closely resembling
each other, can be distinguished by a few characters which seem
to breed true when any one of the three entities is "selfed." The
various intensities and values of yellow hues of the flowers relate

the three entities to D. longiflorus, while the glabrous or sub-

glabrous nature of calyces and pedicels relates them more closely

to D. puniceus. Diplacus lompocensis has so many characters in

common with D. longiflorus that it might be considered a nearly
glabrous form of that entity occupying a distinct geographical
area. Since this geographical area is one which occurs between
the southern distribution of D. aurantiacus and D. fasciculatus x D.
aurantiacus and the northern distribution of D. longiflorus in Santa
Barbara County, it might be better to consider D. lompocencis a

rather recent "subspecies" which has segregated out of a popula-
tion in which these three entities have been involved. The
typically slender calyces of D. aurantiacus and D. australis relate

these two more closely to each other and to D. puniceus than to

D. longiflorus or D. lompocensis, which have broader, somewhat
swollen calyces. The width of the corolla-spread of D. auran-

tiacus relates it to D. puniceus, while the spread of the corollas of

D. australis and D. lompocensis more closely approximates that of

D. longiflorus.

Diplacus rutilus, except for the deep velvety-red color of its

corollas, possesses most of the characteristics found in D. longi-

florus. The red pigment may be due to a factor or factors from
D. puniceus or its red-flowered ancestors, and from breeding ex-

periments it appears to be homozygous for color. Since D.
rutilus is easily distinguished from D. longiflorus by this pigment,

and since it is interfertile with that entity and is always found in

association with D. longiflorus or its hybrids and not in a separate

geographical area, it may be considered an incipient "subspecies."

Diplacus aridus occurs in southeastern San Diego County.

The probable origin of this entity is not clear. Its characters of
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flared calyces., light lemon-yellow flowers, exserted corolla-tubes,

and rotate to recurved corolla-lobes are not found in any of the

other entities thus far mentioned. However, this combination of

characters does occur in D. calycinus, an entity which probably
resulted from crosses involving D. aridus and D. longiflorus. The
character of hairy upper branchlets, pedicels, and calyces, found
in D. calycinus, is probably due to genes from D. longiflorus. The
geographical distribution of these entities does not preclude such

an origin for D. calycinus.

The two natural entities D. fasciculatus and D. grandiflorus

appear to be the last ones evolved. I have not been able to ac-

count for their probable origin by hybridization alone. Both
have large corollas with the lobes deeply notched, a character not

found in any of the other forms. The corolla-tube is usually

somewhat exserted, a condition found in D. aridus and D. calycinus.

The warm buff-colored flowers, although larger, resemble some-
what those of D. lompocensis. The upper surfaces of the leaves

are not at all impressed-veiny, a condition found also in D. aridus

and D. parviflorus.

Diplacus stellatus has been collected only from Cedros Island

and is not sufficiently well known to place it in its proper position

in an evolutionary sequence. It has certain characters such as

size of flower, leaf-shape, and curve in the corolla-tube which re-

late it to D. parviflorus, but the characters of yellow flowers and
the pubescence of the upper branchlets, pedicels, and under sur-

faces of the leaves relate it to D. longiflorus. It may be a relic of

an early segregation from forms ancestral to both of these related

entities.

Results obtained from studies in geographical distribution and
the application of the sterility test, recommended by Clausen,
Keck, and Hiesey (1939) and others for designating specific rank
to the field entities, indicate that there may be only two distinct

species (ecospecies) in the genus Diplacus, namely D. Clevelandii

and D. aurantiacus. All the other entities given binomial rank, ex-

cept D. stellatus which was not available for testing and x D.
linearis, would then be classified as subspecies. With the excep-
tion of D. rutilus, which may be considered an incipient subspecies,
all the fertile interbreeding entities occupy different geographical
areas and therefore fulfill one of the major requirements for a

subspecies.

Attempted crosses involving D. Clevelandii were only partially

successful, and the progeny from these produced much sterile pol-
len, their seeds germinated poorly, and the few plants actually
producd soon died. The numerous crosses made involving the
other entities were nearly one hundred per cent successful. The
pollen of the F 1? F 2 , and backcross progeny was as fertile in most
cases as that of the parents. Seed germination was good and the

progeny were as healthy as the parents. (See section on Hybrids.)
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Chronological History of the Genus

Since the description of the first entity in 1796, the fourteen
entities included in this paper have appeared in publications under
at least fifty-eight different binomials or trinomials, either in the
genus Diplacus or in the genus Mimalus. The synonymy for each
entity is given in the section on Taxonomic Treatment.

The first known description of any entity in Diplacus was pub-
lished with a colored plate by Wm. Curtis in 1796 under the name
Mimulus aurantiacus. It was based upon plants grown in England
from seeds undoubtedly collected by Menzies in northern Cali-

fornia during his visits there in 1792, 1793, and 1794, though
the author did not know with certainty the source of the seed
from which the plants were grown. The colored plate and de-

scription are quite satisfactory for the plants now growing natu-

rally in northern California. These plants are retained in the

genus Mimulus by some botanists, but others place them in the
genus Diplacus. In 1798 Johann Christoph Wendland described
Mimulus glutinosus from a plant also grown in England, but he like-

wise stated that the source of the seed was not known. Un-
doubtedly this seed, too, must have come from Menzies' collection

or from plants grown from his material, as only Haenke had col-

lected along the California coast up to that time. Conradi Moench
in 1802 described Mimulus viscosus. These three entities are con-

sidered to be the same, and are here included under Diplacus

aurantiacus (Curt.) Jepson.
George Bentham was the next botanist to recognize a new

entity in this group. In his studies of the Scrophulariaceae in

1835, he included two woody Mimuli, M. linearis (sp. nov.) and
M. glutinosus Wendl. (M. aurantiacus Curt.). His M. linearis was
based upon a specimen collected by David Douglas in California.

The Douglas specimen appears to the writer to be one of several

hybirds between D. aurantiacus and D. fasciculatus which occur in

various localities in Monterey, San Benito, and San Luis Obispo
counties. It is known that Douglas collected in coastal central

California from Sonoma to Santa Barbara counties.

Thomas Nuttall, the first botanist to study plants of this group
in the field, proposed the genus Diplacus in 1837 and published it

in 1838. In establishing the genus, Nuttall emphasized the woody
nature of the plants and the characters of the fruit. He states

that, "The generic name alludes to the splitting of the capsule,

attached to each valve of which is seen a large placenta, and
under its edges are found slender subulate seeds." He trans-

ferred Mimulus glutinosus Wendl. to the new genus and described

four new entities, D. puniceus, D. latifolius, D. longiflorus, and D.
leptanthus, the first three based upon material which he collected

in California, the fourth based upon material collected by Menzies
in California. Diplacus latifolius, D. leptanthus, and M. glutinosus

have since been reduced to synonymy. Diplacus puniceus and D.

longiflorus are considered here as distinct entities.
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In 1846, eight years after the publication of the genus Diplacus,

George Bentham transferred his M. linearis to Diplacus, and also

included three other entities, D. rugosus (sp. nov.), D. glutinosus

Nutt., and D. longiflorus Nutt. He considered his M. linearis to be
the same as Nuttall's D. leptanthus and dropped his prior species

name in favor of leptanthus, a policy not permitted by the present

rules of nomenclature. Examination of the type specimens for

these two names and knowledge of the plants gained from field

work leads the writer to consider the two as distinct. Nuttall's

D. leptanthus is the same as D. aurantiacus (Curt.) Jepson, and
Bentham's misinterpretation of D. leptanthus is X D. linearis

(Benth.) McMinn, a hybrid produced by the interbreeding of D.
aurantiacus and D. fasciculatus. Diplacus rugosus of Mexico has
since been correctly removed from Diplacus, having been trans-

ferred to the genus Berendtia.

Professor John Lindley in 1852-53 described the variety

grandiflorus of D. glutinosus, which he based upon a greenhouse
shrub grown from seed collected in California, most likely by
Hartweg. The colored plate which accompanies the description

is easily recognized as the plant of the northern Sierra Nevada.
J. E. Planchon in 1853—54 published, under the name of D. gluti-

nosus grandiflorus, a colored plate and a brief description of an-

other English-grown plant which appears definitely to represent
these northern Sierra Nevada plants. Still another description
with a drawing which matches both these previous ones was pub-
lished independently by J. Gronland in 1857 under the name D.
grandiflorus. It also was based upon a cultivated plant grown in

England. Although the three descriptions, plates, and drawing
were made from different English-grown plants, there is no
doubt that these plants were grown from seed of the Sierra

Nevada plants which I here treat as D. grandiflorus.

The next entity to be published was D. stellatus, described by
Albert Kellogg in 18 63 from material collected by J. A. Veatch
on Cedros Island. It is a little known and rarely collected entity

of uncertain status. In the same year, Ambroise Verschaffelt

described three garden hybrids (apparently between D. auranti-

acus and D. puniceus with D. glutinosus) . Later in the year Charles

Antoine Lemaire included these as varieties of D. glutinosus.

In 1876, Asa Gray, in his systematic treatment of the genus
Mimulus, in two different publications within the same year, re-

duced Nuttall's genus Diplacus to a section of Mimulus in which
he included M. glutinosus Wendl. with the vars. puniceus (Nutt.),

linearis (probably some hybrid of D. longiflorus with D. puniceus)

not Benth., and brachypus, a new name for D. longiflorus Nutt. In

the same year, George Bentham and Wm. Hooker included Di-

placus as a section of Mimulus. In Gray's further studies in Mimu-
lus, published in 1878, he retained the same treatment for the
section Diplacus as that in his two 1876 publications.
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E. L. Greene restored Diplacus to generic rank in 1885. He
included one new entity, D. arachnoideus, based upon material
which he had collected at All Saints Bay, Lower California, April

16, 1885, and six previously described ones, D. stellatus Kell., D.
glutinosus (Wendl.) Nutt., D. latifolius Nutt., D. puniceus Nutt.,

D. leptanthus Nutt., and D. longiflorus Nutt. In the following year,

1886, Gray in another revision of the genus Mimulus included
Diplacus as a section in which he raised M. puniceus (Nutt.) Steud.

to species rank but still retained the varieties linearis and brachypus
under M. glutinosus Wendl.

Diplacus parviflorus was described by E. L. Greene in 1887.

It was based upon material which he had collected on Santa
Cruz Island. Three years later, 1890, Greene prepared a revision

of the genus Diplacus in which he gave ample reasons for main-
taining it as a valid genus rather than as a section of Mimulus.
In the revision, he maintained D. glutinosus (Wendl.) Nutt., under
which he placed D. stellatus Kell. and D. latifolius Nutt. as vari-

eties, D. longiflorus Nutt., under which he included his D. arachnoi-

deus as a synonym, D. linearis, a new combination for M. linearis

Benth., D. grandiflorus, a new name for the northern California

plants Greene had confounded with Nuttall's D. longiflorus, D.
puniceus Nutt., and D. parviflorus Greene.

R. v. Wettstein in Engler and Prantl's Die Natiirlichen Pflan-

zenfamilien, 1891, treated Diplacus as a section of Mimulus in

which he included M. glutinosus (Nutt.) Wendl., M. puniceus

(Nutt.) Steud., and M. rugosus Benth., the latter an entity now
known to be Berendtia rugosa (Benth.) Gray. In 1894, J. B. Davy
described D. speciosus from a plant grown in the botanical gardens
at the University of California, Berkeley, but this has been re-

duced to synonymy under D. longiflorus Nutt. In 1895, T. S.

Brandegee described a new Mimulus from Cuyamaca Peak, San
Diego County, as M. Clevelandii, which E. L. Greene the following

year transferred to Diplacus. It is here included as a valid entity,

D. Clevelandii (T. S. Brandg.) Greene.

Soon after the turn of the century, two new entities were added
to Diplacus. L. R. Abrams described D. aridus in 1905 from plants

which he had collected in 1903 in southeastern San Diego County.

The following year, Alice Eastwood described D. calycinus from
material collected by Culbertson in the southern Sierra Nevada.
Both of these entities are included here as distinct.

Still another treatment reducing Diplacus to a section of

Mimulus was made by Adele L. Grant in 1924 in her monograph of

Mimulus. Based upon material which she had collected in Ventura
County, she proposed the entity rutilus as a new variety of M.
longiflorus. She also listed a number of natural hybrids under the

combination of M. longiflorus X M. puniceus. In 1925, W. L. Jepson

treated Diplacus as a valid genus in his Manual of the Flowering

Plants of California. He treated Greene's D. grandiflorus and



1951] McMINN: DIPLACUS 121

Eastwood's D. calycinus as varieties of D. longiflorus Nutt., and
was the first botanist to give Mimulus aurantiacus Curt, its proper
recognition under the genus Diplacus.

After the publication of the monograph of Mimulus by Grant,
writers on the western American flora were about equally divided
in their acceptance of Diplacus as a section of Mimulus or as a

valid genus. P. A. Munz in 1935, following Grant's usage, pro-

posed the name M. Flemingii for M. parviflorus (Greene) Grant
(1923) since the name parviflorus was not tenable under Mimulus
because of the earlier Mimulus parviflorus of Lindley (1825). In

an Illustrated Manual of California Shrubs (1939), the present
writer, although he did not describe any new entities, made three

new combinations in Diplacus. F. W. Pennell in 1947 cast his lot

with the "section group" by proposing, under Mimulus, the name
M. bifidus for the northern Sierra Nevada plants known as D.
grandiflorus (Lindl.) Gronl., and the name M. bifidus subsp. fascicu-

latus for some little understood Monterey County plants which
have been variously treated by previous authors under different

species or varieties, but which are herein treated as D. fasciculatus.

In this paper the author maintains Diplacus as a valid genus,

consisting of fourteen named taxa of binomial rank. Nine of

them have been previously described under the accepted names
D. aridus, D. aurantiacus, D. calycinus, D. Clevelandii, D. grandiflorus,

D. longiflorus, D. parviflorus, D. puniceus, and D. stellatus ; three,

Mimulus bifidus subsp. fasciculatus Pennell, M. longiflorus var. ruti-

lus Grant, and M. linearis Benth., are here treated as the binomials

Diplacus fasciculatus, D. rutilus, and x D. linearis respectively
;
one,

D. lompocensis, is described as new ; and one, D. linearis Greene, not
Bentham, is newly named D. australis.

A summary of the chronological history of the genus follows:

1796 Curtis, Wm. Bot. Mag. I. 10: pi. 354.

1798 Wendland, Johann Christoph. Bot. Beobacht. 51.

1802 Moench, Conradi. Meth. PI. Hort. Marburg., Suppl. 168.

1835 Bentham, George. Scroph. Ind. 27.

1838 Nuttall, Thomas. Ann. Nat. Hist. I: 137.

1846 Benthan, George. DC. Prodr. 10: 368.

1852-53 Lindley, John. Paxt. Fl. Gard. 3: pi. 92, opp. p. 95.

1853-54 Planchon, J. E. Fl. Des. Ser. et des Jardins 9: pi. 883 (colored),
facing p. 71.

1857 Gronland, J. Paris Rev. Hort. IV. 6: 402-404, fig. 136, p. 403.

1863 Kellogg, Albert. Proc. Calif. Acad. ser. I, 2: 18.

1863 Vershaffelt, Ambroise. Belg. Hort. 13: 4.

1863 Lemaire, Charles Antoine. L'lllust. Hort. 10: pi. 359, figs. 1, 2, 3.

1876 Gray, Asa. Proc. Am. Acad. 11: 97.

1876 Gray, Asa. Bot. Calif. 1: 565.

1876 Bentham, George and Wm. Hooker. Gen. PI. 2: 947.

1878 Gray, Asa. Syn. Fl. N. Am. 2: pt. 1, 275.

1885 Greene, E. L. Bull. Calif. Acad. 1: 96, 210.

1886 Gray, Asa. Syn. Fl. 2: pt. 1: ed. 2, Suppl. 442.

1887 Greene, E. L. Pittonia 1: 36.
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1890 Greene, E. L. Pittonia 2: 156.

1891 Wettstein, R. v. Engl. & Prantl, Nat. Pflazenfam. 4:?b
: 71.

1894 Davy, J. B. Erythea 2: 101.

1895 Brandegee, T. S. Gard. & For. 8: 134, fig. 20, p. 135.

1896 Greene, E. L. Erythea 4: 22.

1905 Abrams, L. R. Bull. Torr. Bot. Club. 32: 540-41.

1906 Eastwood, Alice. Bot. Gaz. 41 : 287-88.

1924 Grant, Adele L. Ann. Mo. Bot. Gard. 11: 336.

1925 Jepson, W. L. Man. Fl. PI. Calif. 919.

1935 Munz, P. A. Man. S. Calif. Bot. 477.

1939 McMinn, H. E. 111. Man. Calif. Shrubs. 498.

1947 Pennell, F. W. Proc. Acad. Phil. Nat. Sci. 99: 168.

1951 McMinn, H. E. Madrono 11: 33-128.

Garden Culture and Horticultural Possibilities

Several attempts to grow Diplacus as greenhouse and garden
ornamentals have been made since the introduction of seed into

England presumably from Menzies' collections in 1792-1794. In
fact, the first description of any Diplacus was published in 1796
with a colored plate of a garden-grown plant in England from
seed collected by Menzies in northern California. Other plants
grown in English gardens or greenhouses, without doubt from
seed of Menzies' collection, furnished material for the description

of at least three named entities by as many authors, but today
these are considered to be the same species, namely Diplacus
aurantiacus (Curt.) Jepson. Subsequent to the early greenhouse
culture of D. aurantiacus, three other species, D. grandiflorus , D.
puniceus, and D. longiflorus, were grown from seed collected from
wild plants in California. Greenhouse-grown plants of D. grandi-

florus, Azalea-flowered Diplacus, were the sources for three de-

scriptions, presumably of different entities, appearing between
1852 and 1857.

Even though early English plantsmen recognized the orna-
mental value of this genus, it has not become a popular garden
plant in the British Isles because the plants are too tender to

thrive there unless grown under glass for most of the year. Dur-
ing the early summer of 1950 I visited many gardens in England,
Scotland, and northern Ireland, but I saw only a few plants of

Diplacus and these were grown in greenhouses. Most of the

specimens were identified as D. aurantiacus, D. puniceus, or their

hybrids and derivatives. In 1937, I observed a few plants, mostly
hybrids growing in Devonshire in southwest England where the

climate is less severe than in most parts of England.
Sporadic attempts to grow Diplacus as garden plants in the

United States have met with little success, especially outside of

California, and even there I have seen only a few garden collec-

tions worthy of note, the better ones being at the Santa Barbara
Botanic Garden and at the Rancho Santa Ana Botanic Garden.
Only a few nurseries offer for sale any of these entities or their

hybrids and derivatives. What are the reasons for this lack of
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interest in a group with such an extraordinary range of color in

their attractive flowers ?

One of the main reasons has been the failure of the plants to

survive as perennials under most garden conditions. The four-

teen field entities included in this paper, although apparently well

adapted to the climatic, edaphic, and biotic conditions in the

areas in which they grow naturally, do not thrive when introduced
into areas where conditions are dissimilar to those of their native

habitats. The adaptability for living in their special geographical
and ecological areas has resulted from a strenuous natural selec-

tion of those plants possessing the right combination of genes for

survival in the particular environments in which each of the wild
entities now occurs.

Another reason for the lack of enthusiasm for growing Diplacus

has been the tendency of the foliage to become brown and dry
after flowering, thus giving the plants a ragged and unkempt
appearance. The lack of publicity given the numerous color

combinations found in some of the more recently improved hy-
brids, is yet another reason these plants are not more generally
cultivated.

Some success in removing these objectionable features has been
attained during the six years in which these studies have been in

progress. However, much more must be accomplished in im-
proving their adaptability for growing under garden conditions

before they can be generally recommended. The two main lines

of experimentation have been the hybridization and garden cul-

ture of the hybrids, their derivatives, and of the wild entities.

Hybridization. Of the numerous crosses made in the attempt
to produce better adapted and more suitable forms for garden
use, I shall report upon only a few of the more promising ones.

One of the aims of the hybridization work has been to produce a
long-lived plant of medium height, with glossy, dark green leaves
and numerous large flowers of striking color. In an attempt to

produce such a plant (suitable for borders and for bedding
plants), D. grandiflorus, Azalea-flowered Diplacus, of the northern
Sierra Nevada was chosen as one parent because of its typically

decumbent habit of growth, glossy, green, glabrous leaves and
large, buff-colored flowers with deeply notched corolla-lobes. In
its native habitat, this plant is a beautiful subshrub that would
be suitable for garden planting without further selection if it were
not for its tendency to become straggly and to die within a few
years under most garden conditions. Diplacus rutilus of southern
California was chosen as the other parent because of its vigorous
growth, large, dark red flowers and adaptability for living in dry
habitats. Although the Fi progeny did not meet all the require-

ments set up for our "ideal" plant, they were of sufficiently high
quality to warrant giving them a name and recommending them
for garden use. They possessed numerous, orange-red flowers
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which bloomed over a long period of time, glabrous green foliage,

and a growth-form intermediate between that of the two parents.

Some of the plants were set out in beds, while others were used as

foundation and border plants. Those planted along the founda-
tion of the greenhouse are now four years old, and they continue
to bloom profusely and to maintain a healthy and vigorous growth.
This cross has been named Grandrutilus (fig. 26) (McMinn,
1949), from a combination of parts of the names of the parents.

It can be recommended for planting as a coarse bedding plant, as

a filler in informal areas, and for placing in front of medium-
height background and screen plantings.

In the hope of reducing the height and improving the foliage,

plants of Grandrutilus were backcrossed to both parents. The
resulting hybrids showed a most remarkable range in recom-
bination of foliage and floral characters and in form of growth.
The flowers were of many hues and intensities of red, copper,
buff, and pink. The most striking plants have been chosen for fur-

ther crossing and selection. Among the second generation plants

resulting from "selfing" Grandrutilus, one plant (No. 212-1)
had broadly oval, glabrous leaves and exceptionally large some-
what ruffled, and nearly pink flowers with corolla-lobes as deeply
notched as those of D. grandiflorus. This plant should be a fine

addition to our Diplacus collection, providing it proves to be
adapted to garden conditions.

Another hybrid which has shown potentialities as a good bed-
ding plant resulted from a cross between D. aridus, a decumbent
plant with glabrous, glossy foliage and light lemon-yellow flowers

with reflexed corolla-lobes and D. rutilus (see above). This hy-
brid, known as Blanche Mclnnes Diplacus (fig. 27) (McMinn,
1949), has tri-colored flowers (red, yellow, and cream-color) with
rotate to reflexed corolla-lobes. It has an erect-spreading habit

of growth and glabrous, glossy, green foliage. One of the second
generation hybrids resulting from this cross resembled the parent

D. aridus in its decumbent growth-form, foliage characters, and
configuration of the corollas, but the flowers were dark red as in

the other parent, D. rutilus. Its appearance is that of a red-

flowered D. aridus.

In the Santa Ana Mountains of western Riverside County,

there occurs a small hybrid population of D. longiflorus x D. Cleve-

landii. Early in the summer of 1945 three of the hybrid plants

were marked and in October of that year, Mr. J. H. Munhall col-

lected seed destined for planting in the trial garden at Mills Col-

lege. From the numerous plants grown from the seeds of lots

17, 18, 19, two were selected for breeding because of their ex-

tremely large and deep lemon-yellow flowers. One plant, desig-

nated No. 163 (Lot 17-1), was crossed with the red-flowered D.

rutilus. The flowers of the F t hybrids displayed an amazing
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range in color, varying from red through different shades of

orange, copper, bronze, and pink to white. A few plants had
foliage resembling that of D. Clevelandii, but most of them had
foliage similar to that of D. longiflorus and D. rutilus. These hy-

brids and plants grown from their seed give an exceptionally fine

display of color during the summer months.

The other plant, designated No. 129 (Lot 19-3), was crossed with

D. grandiflorus with the hope that its more desirable foliage char-

acters and larger corollas with deeply notched lobes might reappear in

some of the progeny. The thirty-five hybrid plants which reached

maturity showed various recombinations of characters exemplified by
D. longiflorus, D. Clevelandii, and D. grandiflorus. None, however,
had the deeply notched corolla-lobes characteristic of D. grandi-

florus, but a few had the fine foliage characters of that entity.

The overall ornamental effect of these hybrids was so pleasing

that they were kept as bedding plants. Many of them, unfor-

tunately died out after one year, a common fate of plants with
genes of D. Clevelandii when grown in the trial garden.

Plants grown from cuttings and from seed collected from
"selfed" plants No. 129 showed a remarkable constancy in the

color of their pure lemon-yellow flowers. These plants attracted

considerable attention on the part of visitors during the summer
of 1949. Inasmuch as their mortality rate is high, new plants

should be set out from cuttings made annually.

For those who would like to grow the better selections of

Diplacus, I recommend the planting of mixed seeds collected from
hybrids and the growing of plants made from cuttings of the

particular hybrid plant that may strike the fancy.

The following suggestions and recommendations for growing
Diplacus are based primarily upon my experiences during the past

six years in the botanical garden at Mills College. Other growers
may have had different experiences and, therefore, would recom-
mend other techniques.

Propagation. Diplacus may be propagated by seeds or cut-

tings. Seeds may be sown anytime during the year, but better

germination was obtained with seeds sown in February. The seeds
should be sown in flats containing a light sandy loam and covered
with about % inch of the same type of soil sifted through a very
fine-mesh sieve. It is good practice to sprinkle fine sand over the

flats to aid in the prevention of damping off of the young seed-

lings. If the seeds are sown in late fall or during the winter, the
flats should be placed in a cold frame or in an unheated green-
house with rather low humidity. I have had the poorest germina-
tion and subsequent highest percentage of damping off of seed-

lings in flats placed in an artificially heated greenhouse where the
humidity was relatively high.

Seedlings normally appear from three to five weeks after the
sowing of seed. There have been, however, several instances of
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greatly delayed germination. A few seedlings would appear in a
flat and when these were about two inches tall., they would be
transplanted to other flats or three-inch pots. Two or three
weeks later, another crop of seedlings appeared. Evidently cer-

tain altered environmental conditions related to the disturbing of

the soil were responsible for this second germination. The trans-

planted seedlings, when about ten inches tall, are ready to plant
in their permanent places or in gallon cans if they are to be car-

ried through the summer for late fall planting or through the
winter for spring planting.

Since several of the more desirable garden forms of Diplacus
have resulted from hybridization, it is necessary for their preser-

vation to propagate them by cuttings. Van Rensselaer (1944)
reports easy propagation from softwood cuttings, but I have had
better results from cuttings made of the older wood. The best

results were obtained from heel-cuttings taken from one- and two-
year-old growth. As in the case of seed germination, better

results have been obtained when the cuttings were grown in an
unheated greenhouse. Cuttings have been taken every month of

the year from one- two- and three-year-old wood and, although a

few have struck from each lot, those taken in the spring as the

new growth appears have been the most successful. In a few
instances, I have taken ten-inch cuttings from old plants in the

field and garden by cutting the stems about six inches from the

ground. After most of the lateral branches had been pruned and
all but a few leaves removed, the woody stems were placed in

gallon cans or in six-inch deep boxes nearly filled with a mixture
of about three-fourths coarse sand and one-fourth potting loam.

Twenty to fifty per cent of the cuttings struck.

Cultivation. As I have mentioned previously, one of the

main objections to Diplacus as an ornamental perennial is its high
mortality rate under garden conditions. This situation can be
alleviated to some extent by proper selection and cultivation. In

general, those entities which occur in the wild state close to the

garden locality will do better than those growing in other areas.

It is important to simulate as nearly as possible in the garden the

conditions under which the wild entities grow. This usually in-

volves providing a loose, coarse, often gravelly soil and good
drainage. In many cases, the proper selection will necessitate

the testing out for one's self of certain wild forms and hybrid

entities that have shown vigorous growth and a high survival rate

in other gardens. Since the more colorful forms are found in the

numerous natural and artificial hybrids, I suggest that these be

tried out whenever available. Some of these hybrids have shown
exceptional vigor and a low mortality rate. At the Santa Barbara

Botanic Garden, hybrids involving D. longiflorus, D. puniceus, D.

aurantiacus, and D. rutilus are reported by Van Rensselaer (1944)

to be ten years old and as vigorous and healthy as first-year plants.
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In the Mills College garden, hybrids of D. longiflorus, D. grandi-

florus, and D. rutilus have proven quite hardy. In cases of the

less hardy but otherwise desirable hybrids, I suggest treating

them as annuals. Plants grown from a random collection of

seed made annually from garden hybrids will give a fine display

of the color variations possessed by the hybrids and will also

yield many new recombinations.
Plants set out in late March or April will bloom during late

spring and early summer. It is advisable to give them consider-

able water during the flowering period. If the plants are given

a light to medium pruning immediately following their main
flowering period, a second period of bloom will occur during the

fall months, providing sufficient water is supplied to keep the

foliage from drying up. As soon as the second blooming period

is over, the plants (if treated as annuals) should be taken out, or

(if treated as perennials) cut back to within four inches of the
ground. In the climate of the San Francisco Bay area, these

plants send out new growth during late February and March, and
again produce an abundance of flowers within a few months.

Van Rensselaer (1944) reports that plants of D. aurantiacus

are grown outdoors successfully on the Atlantic Coast as far

north as Washington, D. C, but when grown outdoors farther

north, the plants are dug in the autumn and stored in the cellar

during the winter. He also reports that D. aurantiacus is oc-

casionally cultivated outdoors on the Pacific Coast as far north as

British Columbia, and that plants frozen to the ground during
the freeze of 1942 recovered and sent up new growth from the

base in the spring.

In a cold foggy region it is inadvisable to plant Diplacus, as all

entities, including the newer hybrids, prefer sunshine and warm
temperatures during part of the day.

Mills College

Oakland, California
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THE SIGNIFICANCE OF VEGETATIVE REPRODUCTION
IN QUERCUS

CORKELIUS H. MULLER1

The regenerative powers of various species of oaks have been
noted by a great many writers, but the role of rhizomatous activity

has received little more than descriptive treatment incidental to

taxonomic work or ecological characterization of vegetation con-

taining scrub oaks. Jepson (1910) described stump sprouting of

California oak trees at some length. Camus (1936) merely noted
its common occurrence in the genus.

Numerous authors have described briefly the rhizomatous
habits of individual species. Small (1897) wrote, "The habit of

Quercus minima, with its underground stems, and low erect

branches which ar
ve usually much less than one meter in height,

is enough to separate it specifically from the gigantic forest tree

Quercus virginiana." Sudworth (1908) said of the California

Quercus Breweri, "... its network of creeping roots [rhizomes],
from which sucker-like stems originate, making irresistible bar-

riers to run-off waters." Viciosa (1950), treating the Spanish
species, ascribed to Quercus pyrenaica, "Roots deep, accompanied
by others superficial and copiously stoloniferous about the trunk."

He describes Quercus Ilex as follows: "... or a shrub, with the

root system strongly and deeply developed, carrying moreover
lateral and shallow roots much extended, producers of abundant
retonos.'"2

Muller (1946) pointed out the survival value of retonos in

Parthenium argentatum (guayule) and that of tillers in Parthenium
incanum (mariola), both of which are shrubs of semi-arid habitats

in western Texas and adjacent Mexico. The tillering of mariola
approaches the rhizomatous habit and sometimes produces
thickets several meters in diameter, holding almost in perpetuity
the site occupied by a short-lived original plant.

The rhizomatous nature of some species of Quercus has similar

ecological significance, and it is furthermore on occasion a matter
of great taxonomic import. It is the purpose of this paper to

describe the habits of several illustrative species, to evaluate the
ecological significance of the habits, and to record observations
upon the taxonomic meaning of habital differences and their

evolutionary importance.

1 This work was supported by a grant from the Committee on Faculty
Research, University of California, Santa Barbara College. I am furthermore
indebted to Dr. L. C. Hinckley, Sul Ross State College, Alpine, Texas, for
his aid in the field study of Quercus Hinckleyi and for observations upon Q.
Havardi in support of my own. The drawings are the work of Mr. Alan Cole.

2 The Spanish word retoiio denotes a shoot arising from an adventitious
bud on an exposed root or underground stem, usually at greater or less

distance from the trunk of the parent plant.

Madrono, Vol. 11, No. 2, pp. 33-128. June 12, 1951.
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Bush Habit of Quercus Hinckleyi

Quercus Hinckleyi Muller is a low shrub scarcely 0.5 meter in

height. It was recently described (Muller, 1951) on the basis of

the only known occurrence, a single patch of fewer than 100
plants covering less than 500 square meters at the western edge
of the Solitario Basin in southeastern Presidio County in western
Texas. The species is associated with sparse grasses and desert

shrubs on dry slopes of thin gravelly loam in a transitional zone
between grassland and desert. The habitat is distinctly arid and
characterized by wide spacing of plants and infrequent establish-

ment of seedlings of any woody species. No seedlings or even
young plants of Q. Hinckleyi were found. The general region of

its occurrence has been searched over a period of years by col-

lectors of oaks so that the restriction of the species to one or a

few very limited areas may be accepted as fact. Its relict nature
is indicated; the existing population is likely the survival of a

more extended range during less xeric periods of the recent

geologic past.

The persistence of such a narrowly limited relict species im-

mediately poses questions concerning its means of survival. The
species is highly xeromorphic, its tiny leaves being thick, spiny,

persistent, and heavily cutinized. Its slow growth and low
stature conform with the habits of other species of arid climates

where damage is inflicted upon any species whose stature over-

reaches its water supply.

The aerial stems of Quercus Hinckleyi are not long-lived.

Ring counts established the largest ones at seven to nine years old.

Excavations of a few shrubs revealed a distinctly rhizomatous
habit involving short rhizomes. These issued as branches below
the soil surface from the bases of erect stems or from older

rhizomes (fig. 1) and grew laterally for distances of 4 to 15 cm.
They bore reduced (scale) leaves at their nodes and lacked
chlorophyll throughout. Upon reaching the soil surface, the

rhizomes produced normally expanded and green leaves, an
#
d in-

dependent rooting followed within a year or two. Each indi-

vidual clump was observed to consist of several to many ascending
stems all springing from one or more old, thick rhizomes in a

relatively small soil area, usually a circle 1 to 3 dm. in diameter.

The slow spread of the rhizomes has increased the number of

individuals by fracture due to death of connecting shoots.

This habit quite clearly explains the ability of the species to

persist without the establishment of seedlings. Although some
seedling establishment may have occurred in recent centuries, it is

not necessary to assume any since the last pluvial period of the

Pleistocene. In fact, the entire population is so strikingly uni-

form in the expression of its genetic characters that it appears
almost certain that there is represented only a single clone the

age of which is very great.
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Fig. 1. Quercus Hinckleyi: single adult stems with attached rhizomes

extracted from clumps.

Thickets of Quercus Havardi

Quercus Havardi Rydb. is the dominant of extensive shinneries 3

occupying the sand hills and rolling plains of the southern Great
Plains region. It ranges, wherever a deep sand substratum exists,

from southeastern New Mexico across the Panhandle of Texas to

southwestern Oklahoma. In addition to extensive reconnais-

sance, detailed observations on this species were made in Ward
and Wheeler counties, Texas.

The habit of Quercus Havardi is strikingly rhizomatous. A
multitude of simple or sparsely branched shoots issues from the

ground and grows to a height of 3 to 8 dm. Occasional much
taller individuals are of hybrid origin (Muller, 1951). Upon
examination of an unbroken thicket of these shoots, it is readily

determined that each arises as an elongated rhizome which as-

sumes a vertical direction of growth upon reaching the soil sur-

face. The rhizomes range in length from 1 to 8 or 10 dm. The
vigor with which a single individual spreads its rhizomes and
multiplies its aerial shoots is reflected in the large size of the re-

sulting clones. Close attention to minor differences in color, leaf

size and shape, etc. clearly reveals the limits of individual clones.

These sometimes form a mosaic of patches from 3 to 15 m. or more
3 Shinnery is an adulteration of the French word cheniere, still employed

in Louisiana to indicate a place occupied by oaks (Penfound and Hathaway,
1938). Neither term is confined to the low shrubs referred to erroneously
and redundantly as "shin-oaks" through the mistaken notion that the human
tibia is somehow involved. The error is given credence through the coincidental
shin-high stature of some oaks, and the adulterated term has thus been
restricted in some localities to dwarf species.
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in diameter, each clone in direct contact with its adjacent neigh-

bors.

The failure of one clone to penetrate another (unless death of

the plant leaves the soil unoccupied) indicates the tenacity with
which the sites are held by the clones. Stems greater than 2 cm.
in diameter are rare, and the greatest age revealed by terminal
bud scar counts was eleven years. Individual dead shoots
amongst the hundreds forming a clone are occasionally observed,
but the resulting opening is so promptly closed by the growth of

new shoots that ragged thickets seldom appear.
The clones of Quercus Havardi are not so luxuriant and dense

where they are subject to heavy competition by grasses. The
rhizomatous habit, however, spreads clones widely under these

conditions also. Fracture of rhizomes under these circumstances
frequently results in the division of a single clone to form several

distinct individuals, sometimes eventually at some distance from
one another.

In the course of a wide and detailed study of the species,

Quercus Havardi was never observed to assume any habit other
than a freely branching rhizomatous one. Age has no sig-

nificance to an individual of this species except that it offers

greater opportunity to spread and multiply by fracture. Senes-
cence is limited to individual aerial shoots, and the entire clone is

characterized by continuous rejuvenation. Seed production is

usually copious, but the establishment of seedlings is rare except
in disturbed areas where the young plants are relieved of com-
petition of both the grasses and the parent shrubs. The two im-
portant consequences of the rhizomatous habit, then, are the much
increased longevity of the individual and the multiplication of

individuals under conditions of competition too severe for seedling

establishment.

Mottes of Quercus virginiana

Quercus virginiana Mill, occurs on the coastal plain of Texas
as a tree reaching great age and enormous size. Trunks 1 to 2 m.
in diameter are not uncommon. It was early noted by settlers in

this region that this species grew in even-aged clumps upon the

rolling hills and coastal plain. Such an isolated clump of trees

was termed a motte? The term is used rather indiscriminately to

designate a clump of half a dozen individuals or a grove covering
a half dozen acres, only the qualifying adjectives "little" and
"big" being employed to distinguish such extremes. The smaller

mottes are by far the most common, however, and the term has
therefore gained specificity to some degree.

4 Motte is a French word meaning lump, clod, or hillock. The similarity

of an isolated small grove of trees on a plain to such a concept led to its

application. It is still being used in this sense quite correctly throughout
south Texas although its origin is almost entirely forgotten.
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In addition to the normally uniform trees comprising a motte,

one usually observes nearby one or several patches of juvenile

Quercus virginiana of various sizes and ages. An examination of

several such patches 3 miles west of Cuero, DeWitt County, Texas,
was undertaken. The soil was a rather heavy fine sandy clay

loam of the Goliad series and bore a grass cover badly depleted

by over-grazing. Similar patches in lightly grazed short-grass

and prairie associations have been observed over a wide area in

this region.

Excavation of the juvenile shoots revealed that all the shoots

of a single patch were connected by an intricate system of inter-

lacing rhizomes about 5 to 10 cm. beneath the surface (fig. 2A).
In some instances the rhizomes were as much as a meter in length
between organically connected adjacent aerial shoots. However,
these rhizomes were criss-crossed by others which similarly bore
aerial shoots so that proximity of shoots was no indication of

closeness of organic connection. Yet, all the rhizomes eventually
connected with one another within a single patch so that this

represented a single individual (fig. 2B).
One such patch contained (1) a dead stump about 2 cm. in

diameter to which two rhizomes were still attached, (2) one aerial

shoot 0.5 m. in height, (3) an assortment of twenty-odd shoots
ranging from a few centimeters to 2 dm. in height. Another
much smaller patch contained one aerial shoot 2 dm. tall and
several only a few centimeters tall. Older and larger patches
formed thickets too heavy for ready excavation, but amongst
shrubs 2 to 3 m. tall rhizomatously attached shoots were observed.

The patches of juvenile shoots ranged in diameter from 1 to 4

or 5 m., the larger size being correlated rather closely with the

taller and older shrubs. Adjacent mottes of young trees (7 to 10

m. tall with trunks 1 to 2 dm. in diameter) had basal diameters
of 2 to 6 m. Thus, an almost complete series was observed re-

lating the juvenile patches of organically connected shoots to the
adult mottes of apparently distinct trees. The isolated mottes,

then, are clones derived from the rhizomatous action of seedlings

(fig. 2C). The length of time such a clone remains in the shrub
stage will depend upon the frequency with which aerial shoots are

destroyed, mechanically or by grass fires. The resistance of the

rhizomes to injury thus insures the survival of the clone through
the critical period which terminates with the assumption of the
tree-habit. Larger mottes are possibly formed by the confluence
of adjacent small ones.

Rhizomatous Habit of Quercus pyrenaica and
Quercus Ilex in Spain

The two common oaks north of Madrid, Spain, are Quercus
pyrenaica Willd. and Q. Ilex L. In August, 1950, a visit to this

area permitted a cursory examination of both species. There
was no opportunity to make excavations, but several road cuts
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Fig. 2. Quercus virginiana: A, a portion of a juvenile rhizome exhibiting

branching;; B, a diagrammatic representation of the distribution of rhizomes
in a single clone (the black dots indicating loci of aerial shoots) ; C, a small

motte of young trees.
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through masses of shoots were examined. These species occur

abundantly on both rocky slopes and areas of flat soil. The small

trees long have yielded fuel to the wood gatherers. The Spanish

custom of trimming off the lower branches has spared many of

these trees until senescence and repeated injury finally killed the

trunks. Meanwhile, however., the partially or wholly decapitated

trees have produced large numbers of shoots from the base of the

trunk as well as at some distance from the trunk. Although
Quercus Ilex was observed to produce more numerous shoots

covering a greater area about the stump or trunk than Q. pyrenaica,

and Q. pyrenaica sometimes produced clumps of trunks rather

than single trunks, the two species are so similar in respect to the

sprouting habit that they may be discussed jointly.

Where the trees occurred on eroded slopes it is likely that at

least some of the sprouts arose as retonos induced by injury to

exposed roots. However, the numerous individuals observed on
level and undisturbed soil could not have experienced such root

injury. Similarly, although felled and partially decapitated trees

would be expected to produce stump sprouts as described by
Jepson (1910) for so many of their California relatives, the many
undisturbed mature trees observed in Spain exhibiting a wide
circle of shoots at some distance from their bases are not of this

class. The road cuts examined showed clearly the rhizomatous
connections between individual shoots of various sizes and estab-

lished the origins of these. This instance, then, is entirely com-
parable to the rhizomatous spreading commonly observed in

Quercus Breweri of California and numerous other species. It

differs principally in the fact that the rhizomatous shoots of

Q. pyrenaica and Q. Ilex are produced after tree habit is assumed.

Discussion

It is clear from the cases described that the various species of

Quercus differ widely in the form of rhizomatous sprouting ex-

hibited. Four general classes (exclusive of stump sprouting)
have been described as follows : (1) short rhizomes in Q. Hinckleyi,

(2) long rhizomes in Q. Havardi, (3) juvenile rhizomes of long
duration terminated by tree-habit in Q. virginiana, and (4)
rhizomes from mature trees in Q. pyrenaica and Q. Ilex. Although
usually only one example was described in each of the four
classes, it is noteworthy that one form or another of the rhizo-
matous habit is demonstrable in a wide variety of shrubby Ameri-
can species. A few of these are Q. Breweri Engelm., Q. dumosa
Nutt., Q. Gambelii Nutt., Q. Mohriana Rydb., Q. oleoides var.

quaterna Muller, Q. pungens Liebm., Q. pungens var. Vaseyana
(Buckl.) Muller, Q. turbinella Greene, Q. undulata Torr., and
Q. vaccinifolia Kellogg, all in the Southwestern United States
(from Texas to California). Scores of Mexican and several

Atlantic region species might be added to the list.
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The ecological significance of clonal spread is great in any
semi-arid region unfavorable to seedling establishment. Not
only is reproduction and invasion thus accomplished without the

aid of the hazardous seeding process, but rejuvenation of short-

lived individuals may thus be prolonged indefinitely. This in-

crease in longevity is particularly important where competition
with more xerophytic forms is intense. In this connection, it is

noteworthy that in semi-desert regions the common woody
associates of rhizomatous Quercus species with rare exceptions

also exhibit the bush habit and rejuvenation by sprouting.

The exceptionally wide geographic occurence of the rhizo-

matous habit coincides significantly with the semiarid climates of

the regions involved. Although wide variations in climate exist

amongst central Spain, western Texas, and southern California,

they are all characterized by long periods of deficient soil mois-

ture in summer. However, there exist outstanding exceptions to

this coincidence of the rhizomatous habit of oaks with semi-arid

climate. Notable amongst these are Quercus minima on the sandy
coastal plain in Florida, Q. Margaretta Ashe on sand beds of the

Gulf coastal plain, and Q. ilicifolia Wang, confined to sandy bar-

rens and rocky hills in the northeastern United States. It must
be emphasized, however, that the number of species constituting

such exceptions is small and that the plants involved are confined
largely to edaphically adverse habitats.

In problems of taxonomic use of habital differences, the life

history of the plant may be of distinct importance. Small's dis-

tinction of Quercus minima from Q. virginiana quoted above may or

may not have been justified, but his employment of habit was
unfortunate. The elements of the life history of Q. virginiana here
described would cast doubt upon the taxonomic significance of

habit in the southern live oaks.

An equally important significance of the rhizomatous habit

is the role of the resulting longevity in determining evolutionary
rate. Genetic processes of definite rate operate in a breeding pop-
ulation to a degree proportional to the frequency of sexual re-

production. Apomictic behavior in vegetatively reproducing
clones is no different in this respect from apomictic seed produc-
tion and results in a similar marked depression of sexual fre-

quency. Thus, long-lived clones can serve to preserve a popula-
tion in which a genetic difference has arisen or they can so restrict

the rate of introgression as to postpone indefinitely the swamping
of one species by another.

University of California,

Santa Barbara.
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A NEW FRITILLARIA FROM OREGON

Helex M. Gilkey

In southwestern Oregon and northwestern California—that

area known by all West Coast taxonomists as rich in endemics

—

one of the most conspicuous wayside flowers is that of the "red
bell"., "red lily", or "scarlet fritillary", Fritillaria recurva Benth.
No species of this genus thus far described from Western America
approaches it in brilliance of color.

In 1941, however, Mr. L. G. Gentner, entomologist and assist-

ant superintendent of the Southern Oregon Branch Experiment
Station at Medford who, with his wife and two daughters perhaps
comes nearer knowing every inch of Jackson and Josephine
counties with their insects and plants than any other person in

the state, reported what appeared to him an undescribed species
of Fritillaria. The previous year his daughter Laura had brought
in for her garden a plant supposed to be the common "red bell",

but which, when it flowered, was noticeably different from F.
recurva. The area, however, from which it had been collected
was by this time forgotten. Numerous trips were made by the
family in an endeavor to find the plant, but not until Katherine,
another daughter, recognized the new lily in a flower arrangement
at the home of a friend, was the original location rediscovered in

the vicinity of Jacksonville.

As brilliant in color as F. recurva, the blossom of this new form
is consistently of a different shade of red; its flowering period
begins two weeks later; the plant is typically more robust; and
the flower shape so different that regardless of other dissimilari-

ties, plants of the two entities can readily be distinguished from
a car moving rapidly on the highway.

Since the first report, it has been possible to make intensive
studies of plants of both forms in all stages, not only in the field

and from generous collections provided by Mr. Gentner, but also
from plants grown at the Oregon State College Herbarium and in

the Gentner garden. As a result of these studies, the "new"
form appears, in the morphology of the flower as well as in the
superficial aspects of the plant previously mentioned, so distinctly
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different from any species thus far described, as to merit specific

rank and recognition. It is a pleasure, therefore, to describe this

beautiful species and to perpetuate in it the name of the family
who discovered it. Colors indicated in the English diagnosis are

from Ridgway's Chart.

Fritillaria Gentneri sp. nov. Caulis robustus 3-6 dm. altus,

folia glauca lanceolata obtusa ad linearia acuta 7—15 cm. longa
0.7—1.5 cm. lata, flores 1—5 (raro 8 vel 9) pedicellis gracilibus,

perianthium infundibuliformum vel campanulatum puniceum
sanguineum rubiginosum vel purpureum maculis pallidis luteis

notatum segmentis 3.5—4 cm. longis apicibus haud recurvatis

glandulis conspicuis, capsula 2—2.5 cm. longa 2,5—3.5 cm. lata

late alata.

Bulb fleshy, the axis wide and flattened vertically in older

specimens, with several large fleshy scales surrounded by numer-
ous small rice-grain scales ; stem typically robust, 5—7 dm.
(measured from bulb to tip), reddish below ground line, glaucous
green to glaucous purple above, or minutely purple-mottled;
leaves generally lanceolate, sometimes broadly linear, 7—15 cm.
long, 0.7—1.5 cm. broad near base, often in 2 whorls of 3 and
sometimes with a pair of one or 2 alternate leaves above, but in

larger specimens frequently with 5 to a whorl and several extra

leaves above or between whorls ; flowers solitary or often in

bracted racemes, 1—5 (rarely 8 or 9), on long slender pedicels;

perianth infundibuliform to campanulate, 3.5—4 cm. long, the

segments overlapping, with somewhat spreading but not re-

curved tips, varying through Carmine, Oxblood Red, Maroon,
Purple, mottled with pale yellow, segments keeled beneath by
presence of deep and conspicuous glands; stamens included; style

generally reaching anther tips, branches split nearly one-half the

length of the style, spreading, stigmas inconspicuously capitate

;

capsule truncate or rounded at apex, truncate to slightly cordate
at base, reaching 2-2.5 cm. in length, 2.5-3.5 cm. in width, broadly
winged, the wings dentate.

Type. Vicinity of Jacksonville, Jackson County, Oregon,
19 April 1950, Gentner and Gilhey (Oregon State College no.

75839). Known additional locations. Jackson County: near
State Highway 238, 6 miles southwest of Jacksonville; Holcomb
Springs, 15 miles northwest of Jacksonville; Murphy. Josephine
County: near Grants Pass.

This species, because it is "red", is most likely to be confused
superficially with F. recurva to which it is perhaps most closely

related. The points clearly differentiating the two are indicated

Explanation of Figs. 1-10.

Figs. 1-5. Fritillaria recurva : 1, flowering stalk, X 2/3 ; 2, outer perianth
segment, face view, X2; 3, outer segment, profile to show short gland, X2; 4>

pistil, X2; 5, capsule, X 2/3. Figs. 6-10. Fritillaria Gentneri: 6, flowering stalk,

X2/3; 7, outer perianth segment, face view, X2; 8, outer segment, profile, show-
ing long gland, *2; 9, pistil, x2; 10, capsule, x 2/3.
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in the illustrations and in the table in which flower characters are
compared.

COMPARISON OF FLOWER CHARACTERS IN FRIT1LLARIA GENTNERI AND F. RECURVA
F. Gentneri F. recurva

Shape Broadly campanulate; perianth
segments oblanceolate, obovate,
or oblong, tapering gradually
downward, overlapping, some-
what spreading at tips but not
recurved

.

Narrow, perianth segments oblanceolate
or obovate, tapering quite abruptly
downward, tending to separate for
nearly entire length, strongly recurv-
ing at tips.

Basic
color of

per i anth

Carmine, Ox-blood Red, or Dark
Mar o o n - Pur pi e --all "bluish"
shades of red.

Jasper Red, Scarlet RetJ, Scarlet,
Nopal Red—all "yellowish" shades of

red--to Pale Orange-Yellow or Chamois.

Gland Conspicuous, extending half
the length of the segment,
forming a conspicuous keel on

the dorsal surface.

Extending one-fourth the length of the
segment or less.

Stamens Generally equaling the pistil
in length, not conspicuously
exposed by recurving of

per i anth

.

Generally exceeding the pistil, con-
spicuously revealed by recurving of

per ianth.

Style
branches

Equaling nearly half the

length of the style, widely
spread i ng

.

Equaling less than one-fourth to one-
third the length of the style, erect
or nearly so.

Fritillaria recurva Benth. var. coccinea Greene with perianth
segments generally not recurved, and with fewer bulb scales,

otherwise has F. recurva characteristics, its color being an even
more vivid scarlet.

Comparison of F. Gentneri was made also with F. adamantina
Peck (1937) which is described as "reddish" ("pale reddish
mottled with deeper purplish spots." Peck). The type specimen,
located in the Peck Herbarium at Salem, Oregon, as well as fresh
plants collected by Mr. Gentner in the type locality (Diamond
Lake, Oregon) were consulted, and indicated no close relation-
ship between the two. In the present author's opinion, F.
adamantina presents a closer kinship to the F. lanceolata complex
or, according to Dr. Peck (1937), to F. multiflora, than to either
F. Gentneri or F. recurva, as suggested by Mrs. Beetle (1944) ; and
it cannot from any point of view be confused with either of the
latter.

Fritillaria Gentneri forms almost a pure stand in its type
locality and in several other areas from which it is known. In
some cases, however, it overlaps with F. recurva, but there is no
indication of intermediate forms. The species is remarkably
constant in size and color. Fritillaria recurva, on the other hand, is

widely variable, but deviations in color are never in the direction
of F. Gentneri.

Unfortunately, in most species of Fritillaria, color characters
become considerably obscured by drying; and in pressed speci-
mens it is sometimes difficult to distinguish boundaries of glands,
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however conspicuous they may be in fresh material. In the case

of F. recurva and F. Gentneri, however, pistil characters and flower

shape can be relied upon for diagnosis under any conditions thus

far encountered.
Botany Department
Oregon State College

Corvallis, Oregon
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A CYTOTAXONOMIC APPROACH TO ESCHSCHOLTZIA

Harlan Lewis and Richard Snow

The genus Eschscholtzia has received varied taxonomic treat-

ments during the last half century, ranging from the recognition
of over 100 Californian species by Greene (1905) and Fedde
(1909) to seven by Jepson (1925). There is good reason to be-
lieve that neither of these extremes represents the actual situa-

tion. We wish here, however, only to indicate the important con-
tributions that cytological observations can make to an under-
standing of the relationships and to the delimiting of species
within this genus.

One example concerns Eschscholtzia minutiflora Watson and
E. Parishii Greene. E. minutiflora is widespread over both the
Colorado and Mohave Deserts, and extends into Baja California,

Arizona, Nevada, and southern Utah. It is variable throughout
this range, but can usually be recognized most readily by its small
flowers (petals less than 8 mm. long), and short-apiculate buds.
The stamens number about 12, with anthers about as long as the

filaments.

Eschscholtzia Parishii, listed in current manuals as a variety

of E. minutiflora or as a synonym of E. minutiflora var. darwinensis

Jones, has a more restricted range than E. minutiflora. It occurs
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throughout the Colorado Desert and on the southern margin of
the Mohave Desert. Over its entire range it is sympatric with E.
minutiflora and the two can often be found growing side by side.

The distinguishing features are its much larger flowers (petals
up to 23 mm. long) and long-apiculate buds. The stamens are
about twice as numerous in this species, and the anthers are often
longer than the filaments. On the whole, E. Parishii is much
more variable than E. minutiflora.

When these two entities grow side by side, they are com-
pletely distinct morphologically and show no evidence of hybridi-

zation. Furthermore, observations of pollen mother cells have
shown that E. Parishii has 6 pairs of chromosomes, while E. minuti-

flora has 18 pairs and is therefore a hexaploid. Thus there is no
doubt as to the nature of the barrier restricting gene recombina-
tion between these two species.

These two species, then, are apparently genetically isolated

and morphologically distinct when found growing together.

Nevertheless, a study of herbarium material collected over a great
many years, and from a variety of localities, shows that many
morphological intermediates do occur between these two species. 1

It is presumably because of these intermediates that some authors
have considered these two entities to be conspecific. Lewis and
Went (1945) have shown, however, that certain species of

Eschscholtzia, when grown under controlled conditions, can be
modified by the external environment both as to flower size and
vegetative characters. Similar modifications have also been ob-

served by Jepson (1922). Thus it would seem probable that en-

vironmental modification is primarily responsible for the inter-

mediate phenotypes which obscure the genetic discontinuity be-

tween E. minutiflora and E. Parishii.

The plant described by Jones in 1898 as E. minutiflora var.

darwinensis further complicates the picture. This entity occurs

in the Mohave Desert, principally in the Panamint, Funeral, and
White mountains, and is also sympatric with E. minutiflora. It

scarcely overlaps the range of E. Parishii, if at all. In several re-

spects, notably in flower size, it is intermediate between E. Parishii

and E. minutiflora. It appears morphologically quite homogen-
eous, however, and may well represent a third species, possibly

a tetraploid, which in combination with E. Parishii may have
given rise to the hexaploid E. minutiflora. Unfortunately, we have
not as yet been able to obtain material for chromosome counts or

experimental studies.

Eschscholtzia californica and E. caespitosa have been previously

reported to have a haploid chromosome number of 6 (Darlington
and Janaki-Ammal, 1945), and our observations of E. caespitosa

are in agreement. Thus 6 is apparently the basic number in this

1 Material has been borrowed from Pomona College and the University of

California, Berkeley. The authors wish to thank the curators of these herbaria.
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genus. However, an examination of the pollen mother cells of

E. glyptosperma Greene has shown that it has a haploid number of

7, a number new to this genus.

All of the problems in Eschscholtzia cannot be solved by cyto-

logical observations, but these examples indicate that they will

prove to be of great value in indicating specific limits in this

genus.

Specimens Examined Cytologically

E. caespitosa: Davy Brown Camp, San Rafael Mts., Santa Barbara Co. Lewis,

April, 1950.

E. glyptosperma: Silver Lake-Cave Springs road, Avawatz Mts., San Bernar-
dino Co. Ball 716.

E. minutifiora: U. S. Highway 60, 5 mi. west of road to Cottonwood Springs,

Riverside Co. Lewis and Ernst, March 26, 1949. 1 mi. south of Atolia,

San Bernardino Co. Lewis, April 1950.

E. Parishii: U. S. Highway 60, 5 mi. west of road to Cottonwood Springs, Riv-
erside Co. Lewis and Ernst, March 26, 1949. Joshua Tree National Monu-
ment. Lewis, April, 1949.

Department of Botany

University of California

Los Angeles, California
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NOMENCLATURAL RECOMBINATIONS
IN IDAHO PLANTS

Ray J. Davis

Looking forward to the publication of a "Flora of Idaho" this

summer (1951), I am making the following nomenclatural re-

combinations separate from this book.
Erythronium grandiflorum Pursh var. idahoense (St. John

& G. N. Jones) comb. nov. E. idahoense St. John and G. N. Jones,
Res. Stud. St. Coll. Wash. 1: 91. 1929.

Eriogonum caespitosum Nutt. var. acaule (Nutt.) comb. nov.
E. acaule Nutt. Jour. Acad. Phila. Ser. 2, 1 : 160. 1848.

Polygonum buxiforme Small var. montanum (Small) comb,
nov. P. douglasii montanum Small, Mem. Dept. Bot. Columbia
Coll. 1 : 118. 1895.

\
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Polygonum heterophyllum Lindm. var. rubescens (Small)
comb. nov. P. rubescens Small; Bull. Torrey Club 33: 56. 1906.

Claytonia fontana (L.) comb. nov. Montia fontana L. Sp. PI.

87. 1753.
Arenaria capillaris Poir. var. americana (Maguire) comb,

nov. A. capillaris Poir. subsp. americana Maguire, Bull. Torrey
Club 74: 41. 1947.

Delphinium Andersoni Gray var. cognatum (Greene) comb,
nov. D. cognatum Greene, Pittonia 3: 14. 1896.

Delphinium diversifolium Greene var. Harneyense (Ewan)
comb. nov. D. diversifolium Greene subsp. Harneyense Ewan,
Univ. Colo. Stud. D. 2(2) : 115. 1945.

Delphinium occidentale (Wats.) Wats. var. cucullatum
(Nels.) comb. nov. D. cucullatum A. Nels. Bull. Torrey Club 27:
262. 1900.

Erysimum capitatum (Dougl.) Greene var. amoenum (Greene)
comb. nov. Cheiranthus nivalis amoenus Greene, Pittonia 3: 137.

1896.

Erysimum capitatum (Dougl.) Greene var. argillosum
(Greene) comb. nov. Cheiranthus argillosus Greene, Pittonia 3:

136. 1896.

Erysimum capitatum (Dougl.) Greene var. perenne (Wats.)
comb. nov. E. asperum var. perenne S. Wats, ex Coville, Proc. Biol.

Soc. Wash. 7 : 70. 1892.

Amelanchier alnifolia Nutt. var. oreophila (A. Nels.) comb,
nov. A. oreophila A. Nels. Bot. Gaz. 40: 65. 1905.

Fragaria virginiana Duchesne var. ovalis (Lehm.) comb. nov.

Potentilla ovalis Lehm. Delect. Sem. Hort. Hamb. 1849: 9. 1849.

Fragaria vesca L. var. bracteata (Heller) comb. nov. F.

bracteata Heller, Bull. Torrey Club 25: 194. 1898.

Rubus idaeus L. var. melanolasius (Focke) comb. nov. R.

melanolasius Focke, Abh. Naturw. Ver. Bremen 13: 469. 1896.

Lathyrus pauciflorus Fern. var. utahensis (Jones) comb. nov.

L. utahensis Jones, Proc. Calif. Acad. Ser. 2, 5: 678. 1895.

Lupinus argenteus Pursh var. Macounii (Rydb.) comb. nov.

L. Macounii Rydb. Bull. Torrey Club 34: 42. 1907.

Oxytropis Besseyi (Rydb.) Blank, var. argophylla (Rydb.)

comb. nov. Aragallus argophyllus Rydb. Mem. N. Y. Bot. Gard.

1 : 255. 1900.

Oxytropis campestris (L.) DC. var. Cusickii (Greenm.) comb,

nov. 0. Cusickii Greenm. Erythea 7: 116. 1899.

Oxytropis campestris (L.) DC. var. Rydbergii (A. Nels.) comb,

nov. 0. Rydbergii A. Nels. Univ. Wyo. Publ. Bot. 1 : 117. 1926.

Viola palustris L. var. brevipes (Baker) comb. nov. V.

palustris L. subsp. brevipes Baker, Madrono 3: 235. 1936.

Idaho State College

Pocatello, Idaho
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A NEW ARTEMISIA FROM WYOMING
Arthur Cronquist

Artemisia Porteri sp. nov. Herba perennis Artemisiae peda-
tifidae similis et vix altior sed tomento densiore argentiore in

omnibus partibus robustior, foliis 2—5 cm. longis laminis vel seg-

mentis 1—4 mm. latis, caulinis et nonnullis imis integris reliquis

ternatis segmentis 1—2 cm. longis, involucris 5—7 mm. altis,

bracteis 12-15, floribus femineis 8 vel 9-10, corollis 2.1-2.8 mm.
longis, disci floribus 22—32, corollis 4—4.5 mm. longis.

Taprooted, mat-forming perennials with numerous slender

annual stems 7-15 dm. tall; herbage closely sericeous-tomentose,

silvery; leaves 2—5 cm. long; the larger basal ones trifid, the rest

mostly entire, the blade or segments 1—4 mm. wide, the segments
1—2 cm. long; heads several in a relatively long and narrow, leafy-

bracteate, subracemiform inflorescence, the terminal head similar

to the lateral ones; involucre 5—7 mm. high, of 12—15 bracts; re-

ceptacle glabrous; marginal flowers commonly 8, sometimes 9 or

10, pistillate, fertile, with tubular corolla 2.1-2.8 mm. long;
central flowers 22—32, staminate, with abortive ovary, the corolla

4—4.5 mm. long.

Type. Plants very aromatic, forming mats on dry, loose

shaley soil in the desert about 10 miles east of Sand Draw Oil

Field and 40 miles southeast of Riverton, Fremont County, Wyo-
ming, 6000 feet, July 6, 1949, C. L. Porter J/.969 (Rocky Mountain
Herbarium 214909). Isotypes at the State College of Washing-
ton, University of Washington, Gray Herbarium of Harvard Uni-
versity, Canadian Dept. of Agriculture (Ottawa), Academy of

Natural Sciences of Philadelphia, Dudley Herbarium of Stanford
University, New York Botanical Garden, California Academy of

Sciences, University of Colorado, Missouri Botanical Garden,
University of Oklahoma, University of California (Berkeley), and
U. S. National Herbarium.

Artemisia Porteri is obviously related to A. pedatifida Nutt., but
is larger and more robust throughout. Artemisia pedatifida, gen-
erally distributed over the high plains and dry hills of Wyoming,
and extending into Carbon County, Montana, shows so little vari-

ability that all of the 20 collections I have examined could easily

pass for parts of a single colony. Artemisia Porteri is so far known
only from a single extensive and uniform collection from central

Wyoming, where it grows with A. pedatifida without intergrada-
tion. If further collections prove it to be anywhere nearly as

constant as A. pedatifida, there need never be any difficulty in

distinguishing the two at a glance. Of the technical characters,

the number and size of the disk-flowers seem to be among the
most solid. The more obvious differences are listed in the
following table.
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A. pedatifida

Pubescence grayer, less dense, and
less silvery.

All or nearly all of the basal leaves

trifid.

At least some of the cauline leaves

trifid.

Leaves 6-20 mm. long.

Leaf-segments less than 1 cm. long.

Involucre 3-4 mm. high.

Involucral bracts 7-13, typically 8.

Pistillate flowers 3-8, typically 5, with
corolla 1.3-1.7 mm. long.

Disk-flowers 5-15, typically 8 or 9

(larger numbers usually on termi-
nal heads), with corolla 2.8-3.5

mm. long.

A. Porteri

Pubescence denser, tighter, and more
silvery.

Many of the basal leaves entire.

Cauline leaves all or nearly all entire.

Leaves 2-5 cm. long.

Leaf-segments 1-2 cm. long.

Involucre 5-7 mm. high.

Involucral bracts 12-15.

Pistillate flowers mostly 8, sometimes
9 or 10, with corolla 2.1-2.8 mm.
long.

Disk-flowers 22-32 (terminal heads
similar to the lateral ones), with
corolla 4-4.5 mm. long.

Although the lateral heads of A. Porteri are ordinarily similar

in size to the terminal head, a single head which had obviously
been dwarfed by its immediate juxtaposition to a terminal head
was dissected in an effort to determine extreme limits of varia-

tion. It had 11 involucral bracts, 6 pistillate flowers, and 16

disk-flowers, in these respects coming at about the upper limits

for A. pedatifida; the corollas of both the pistillate and the sterile

flowers, however, were of normal size for A. Porteri.

Although no definite information is available, it seems possible
that A. Porteri is an autoploid derived from A. pedatifida. What-
ever its mode of origin, A. Porteri is so far beyond the limits of
variation of A. pedatifida as to demand taxonomic recognition.

Artemisia Porteri is named for its collector, who sent it to me as

probably representing a new species.

State College of Washington

Pullman

A NEW GENUS OF ECUADOREAN ARACEAE

Alex D. Hawkes

Recently, through the courtesy of Dr. Harold N. Moldenke of

the New York Botanical Garden, the writer received a small
packet of araceous plants for routine determination. Among
these was a single sheet of a small, apparently terrestrial aroid

from Eucador, which, upon study, proved to be unreferable to any
established genus. It forms the subject for the present paper.

The new genus, proposed herein as Pseudohomalomena, is a

member, under the Englerian system of classification (Engler and
K. Krause. Homalomeninae und Schismatoglottidinae. Das
Pflanzenreich IV23Da

. 1912. Leipzig) of the Subfamily Philoden-
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droideae, Tribe Philodendreae, Subtribe Homalomeninae, and is

closest to Chamaecladon Miq. in its characteristics, though standing
virtually alone in the subtribe because of its extraordinary spathe.

Pseudohomalomena, gen. nov. Herba terrestris verisimiliter

acaulis. Petiolus folio brevior inferne leviter vaginatus. Lamina
glabra erecta hastata longo-attenuata coriacea apice caudata
margine undulata basi cordata, costa media subtus distincta

supra obscura, nervis primariis adscendentibus ad marginem ver-

sus obscura. Pedunculus longus obscure angulatus sulcatusque
valde divergens. Spatha magna planiuscula ovato-triangularis

longo-caudata margine leviter undulata basi introrsa prominente
nervosa chartacea. Spadix spatha brevior sessilis inflorescentia

femina cylindroidea tertiam partem totius longitudinis aequante,
masculina tota fertilis eae feminae arete contigua. Flores uni-

sexuales nudi, ei masculini truncati 2—5-andri, pistillati globosi vel

urceolato-globosi obscure sulcati apice attenuati stigma unica
orbiculari basi gracili plerumque obscure bilobata staminodio 1—3

ad basin florium pistillatorum inserto filamento gracili ovulis

pluribus parietalibus pendulis.

Pseudohomalomena pastoensis sp. nov. Herba terrestris

magna. Folium 29 cm. longum basi 15.5 cm. latum medio 12 cm.
latum prope apicem 3.5 cm. latum, nervis primariis utrinsecus plus

minusve 8, nervis secondariis prominentibus leviter anastomo-
santibus adscendentibus. Pedunculus 12 cm. longus medio 5 mm.
latus. Spatha "lutea quasi alba basi virens" 22 cm. longa usque
ad 14.75 cm. lata. Spadix "auranteo-luteus" plus minusve 8.5 cm.
longus, basi 1 cm. latus apice 4 mm. latus, inflorescentia femina
2.5 cm. longa.

Terrestrial, rather large herb, apparently stemless. Leaf
erect, glabrous, the lamina hastate, long-attenuate, coriaceous,

probably yellowish-green with a darker orbicular area at basal
center, 29 cm. long (counting the caudate apex, which in our speci-

men measures ca. 1.5 cm. in length), 15.5 cm. broad at base, 12 cm.
wide at middle and 3.5 cm. near apex, base cordate, tightly undu-
late marginally ; nerves more prominent below than above, the
primaries about 8 on each side of the midrib, ascending marginally,
the secondaries prominent, scarcely anastomosing, ascending.
Petiole shorter than leaf, 13.5 cm. long, 1.2 cm. broad at base,
narrowing to 6 mm. in middle and then expanding at leaf-junction
to 1 cm., obscurely striate, probably terete and somewhat laterally

compressed, conduplicate apically and vaguely undulate there.

Peduncle curving, erect, spreading basally, ca. 12 cm. long, 5 mm.
broad at middle, sparsely sulcate. Spathe "bright yellow, almost
white, green basally" (fide collector), large, very spreading, nearly
flat, ovate-triangular in general outline, chartaceous, long-caudate,
rough-textured, slightly undulate marginally, the basal parts in-

trorse, very prominently nervose throughout, obscurely and
irregularly so within, 22 cm. long (counting the caudate apex.
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Fig. 1. Pseudohomalomena pastoensis gen. and sp. nov.: 1, leaf, spathe and
spadix, all X y2 ; 2, single pistillate flower, cut open to show parietal placentation
of the ovules, x8; ^ two staminodia at base of pistillate flower, X 3. Drawn by
the author.
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which measures 4 cm. long and averages 1 mm. wide), 14.75 cm.

wide at largest point. Spadix rigidly erect, "orange-yellow"

(fide collector), about 8.5 cm. long, 1 cm. wide basally, narrowing
to 4 mm. wide at apex, the basal 2.5 cm. composed of pistillate

flowers, irregularly furnished with staminodes, the upper part all

fertile, staminate
;
pistillate flowers globose to urceolate-globose,

obscurely sulcate, slightly attenuated apically, surmounted by a

solitary orbicular stigma which is narrowed basally and often

obscurely bilobate, with 1—3 staminodes on slender filaments

around base; ovules parietal, pendulous, few (4—5) in number.
Staminate flowers contiguous with pistillate ones, truncate, with
2—5 stamens, producing very copious yellowish-white pollen.

Type. Pasto, altitude about 2500 m., Ecuador, April 22, 1950,

Reinaldo Espinosa 2866 (Herbarium of the University of California,

no. 905798).
The genus Pseudohomalomena is virtually unique in the subtribe

Homalomeninae in its widely-spreading, almost flattened, large

spathe. The dimensions of this structure, coupled with the rela-

tively small size of the spadix and the unusual vegetative habit,

set the genus apart from its congeners, Chamaecladon Miq.,

Curmeria Lind. & Andre, Diandriella Engl, and Homalomena Schott.

The writer wishes to express his appreciation to Dr. Rimo
Bacigalupi for assistance in the preparation of the Latin diagnoses.

Department of Botany

University of California, Berkeley

REVIEWS

Families of Dicotyledons. By Alfred Gundersen. The Chron-
ica Botanica Company, Waltham, Massachusetts, xvii + 237 pp.,
illustrated. 1950. $4.50.

Alfred Gundersen was born in 1877. In 1914, after due
academic training, he joined the staff of the Brooklyn Botanic
Garden, in which institution he served for thirty-two years, at

first as an assistant in the herbarium, later as Curator of Plants.

The treatments of the classification of dicotyledons by Rendle,
1925, and Hutchinson, 1926, interested him in the studies of

which the results are presented in the work here under discussion.

This work is the continuation of a memorable series, extending
back at least to Caesalpino, and it is at the same time the crowning
and worthy achievement of one man's life.

Training, ability, and industry are evident throughout. Index
and bibliography are duly provided. The illustrations are
abundant, informative, and attractive. The publishers, the

Chronica Botanica Company, have treated the publication as
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though with individual loving care.

Gundersen arranges and names the orders and blocks of

orders of dicotyledons as follows

:

Magnoliflorae

1. Magnoliales 2. Ranales 3. Piperales

1. Cactales
2. Cistales

3. Salicales

1. Theales

1. Rosales
2. Hamamelidales

1. Proteales

2. Santalales

3. Urticales

1. Malvales

1. Rutales
2. Juglandales

1. Caryophyllales

2. Polygonales

1. Loganiales
2. Polemoniales

1. Umbellales

ClSTIFLORAE

4. Papaverales
5. Sarraceniales

Thea Group
2. Ebenales

ROSAEFLORAE

3. Thymelaeales

Ulmus Group

4. Balanopsidales
5. Fagales

Malva Group

2. Euphorbiales -

Geranium Group

3. Sapindales
4. Celastrales

DlANTHIFLORAE

3. Primulales

Jasminiflorae

3. Boraginales

RUBIFLORAE

2. Rubiales

6. Aristolochiales

7. Tamaricales

3. Ericales

4. Myrtales

6. Leitneriales

7. Casuarinales

5. Geraniales

4. Plantaginales

4. Campanales

3. Asterales

Diels, editing Engler's Syllabus in 1936, recognized 44 orders

and 257 families of dicotyledons. Gundersen has combined more
often than he has divided, and has produced a list of 42 orders

and 240 families. He leaves only seven orders which consist of

single families.

Conforming to current practice, Gundersen has applied a

uniform termination to the names of orders. Assuming that this

practice is not yet so firmly established as to be beyond debate,

one may say that it is no compliment to the intelligence, and that

it flies in the face of priority.

In his concluding remarks, Gundersen proposes the establish-
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ment by international action of an official sequence of families.

This project is not feasible, for the reason that fixing the sequence
of families would have the effect of classifying them. Classifica-

tion, in contrast to naming, is not subject to legislation: its ulti-

mate authority is not human will, but human knowledge.
The reviewer was honored to be one of a number of botanists

whom the author admitted to smaller or greater degrees of

collaboration. While accepting this honor, he reserved the right

to criticize. In dealing with personal opinions and contributions,

discourse in the first person will be permissible. Probably it was
by my own carelessness in reading manuscript that I find myself
saying, on page 18, that the nucleus of the pollen grain undergoes
meiosis. Of course, it is the nucleus of the pollen mother cell that

undergoes this process.

Placentae which are axile at anthesis are regularly parietal

during early development. Gundersen concludes that parietal

placentation is relatively primitive. He assembles under the
name of Cistiflorae several orders which exhibit this character,

and gives them an early place in the sequence of orders. I called

it to his attention, that the parietal placentation of certain raono-

tropoid genera is apparently derived ; but I was unable to cite any
principle in conflict with the classic biogenetic doctrine which
guided him. Recently I have found writers, particularly zoolo-

gists, making much of paedomorphosis, that is, of courses of
evolution by which the juvenile condition of particular groups
becomes the adult condition of derived groups. Assuming that

paedomorphosis is prevalent, it is not probable that parietal

placentation is the mark of one primitive natural group.
I attribute to myself much responsibility for Gundersen's Thea

Group. Dr. Gunderson required of me a full exposition of the
grounds for placing Ericales next to Theales. It was possible to

answer him by citation of authority, from Lindley to Schnarf, and
by a comparison of characters, of wood, of flowers, and of em-
bryogenic stages. The purpose of the foregoing statement is not
personal publicity; it is to show by example the procedure which
is necessary in attaining a taxonomic system truly representative
of nature. It is only by group-by-group study that the true sys-

tem can be approached. There is only one condition under which
one can attain confidence in a hypothesis that certain groups be-
long together. The condition is this, that a considerable number
of pieces of evidence, of varied character, are found uniformly to

tend to support the hypothesis in question. It is on this basis that
I warrant Gundersen's Thea Group as essentially sound.

Various other novel arrangements presented by Gundersen
appear happy. The community of plant taxonomists is called

upon to judge them: each taxonomist is to give judgment upon
those details which he is individually qualified to judge.

—

Herbert F. Copeland, Sacramento College, Sacramento, Cali-

fornia.
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NOTES AND NEWS
As a memorial to the late Willis Linn Jepson, Professor of

Botany at the University of California, founder of the California
Botanical Society, and one of California's foremost botanists and
proponents of conservation, a large grove of Bishop pines (Pinus
muricata) is to be included in the proposed state park on the
shores of Tomales Bay in Marin County, California. The Marin
Conservation League, which, under the leadership of Mrs. Norman
B. Livermore has been instrumental in furthering the establish-

ment of this area as a state park, has agreed to raise the final

$10,000 required for the purchase of the property. As has been
the case in the establishment of many other state parks, the State

will match funds raised for the purchase of this land. Contribu-
tions will be accepted by the League's Treasurer, Elmer Nielsen,

at the American Trust Company in San Rafael. The site of the

proposed park is one of the most picturesque coastal regions of

California. We should welcome the opportunity to help preserve
such an area.

We call to your attention the following recent publications.

Illustrated Flora of the Pacific States, by LeRoy Abrams. Vol-
ume three, Geraniaceae to Scrophulariaceae. Stanford Univer-
sity Press, Stanford, California. 866 pp., illustrated. 1951.

$17.50.

The Cacti of Arizona, by Lyman Benson. Second edition. The
University of Arizona Press, Tucson. 134 pp., illustrated. 1950.

$4.00.

Gray's Manual of Botany, by M. L. Fernald. Eighth edition.

American Book Company. 1 632 pp., illustrated. 1950. $9.50.

Annotated Distributional List of the Ferns and Flowering Plants

of San Diego County, California, by Ethel Bailey Higgins. Oc-
casional Papers, San Diego Soc. Nat. Hist., No. 8, San Diego,

California. 174 pp. 1949. $1.25.

Manual of the Grasses of the United States, by A. S. Hitchcock.
Second edition, revised by Agnes Chase. U. S. Dept. Agr. Misc.

Publ. No. 200, Washington, D. C. 1051 pp., illustrated. 1950.

$3.00.

Flora of Illinois, by George Neville Jones. Second edition.

Amer. Midi. Nat. Monogr. No. 5, University of Notre Dame Press,

Notre Dame, Indiana. 368 pp. 1950. $4.25.

A Manual of the Flowering Plants of California, by Willis Linn
Jepson. Reprinted. University of California Press, Berkeley.

1238 pp., illustrated. 1951. $5*00.

Drawings of British Plants, by Stella Ross-Craig. Part IV,

Resedaceae, Cistaceae, Violaceae, Polygalaceae, Frankeniaceae.

G. Bell & Sons Ltd., London. 26 pi. 1950. 5s. net.

Dictionary of the Flowering Plants and Ferns, by J. C. Willis.

Sixth edition, reprinted. University Press, Cambridge. 752 pp.
1951. $3.75.
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NOTES ON THE FLORA OF GUADALUPE ISLAND,
MEXICO

Reid Moras

Guadalupe Island lies 250 miles south of San Diego, Cali-

fornia, and 160 miles off the coast of Baja California, Mexico.
Since the flora of Guadalupe Island is related to that of Cali-

fornia and especially to that of the Californian islands, a former
land connection to the north has been suggested. But the island

is volcanic in origin and is now separated from the mainland by
depths of more than 2000 fathoms : it probably has never been
connected with other land areas.

Two monotypic genera, Baeriopsis and Hesperelaca, are en-

demic to Guadalupe Island ; and two other groups sometimes
treated as genera, Nesothamnus and Petromecon, are also endemic.
Of the 151 species of vascular plants that probably are native,

about 34 species, or 22.6 per cent, are endemic. An additional 17

species, or 11.3 per cent, are insular endemics, mostly recurring

on the Californian islands to the north. The number of endemics
of course cannot be exactly stated without an evaluation of each
species.

Eastwood (1929) summarized botanical explorations of

Guadalupe Island up to that time and listed the species collected.

The only additions since published are by Howell (1912).
In April of 1948, George Lindsay and I visited Guadalupe

Island with Mr. and Mrs. Lewis Cavanagh in their ketch, the

Marviento (Moran and Lindsay 1950). We collected at Northeast
Anchorage, at the pine grove, and at the south end—all localities

previously visited by several botanists. In addition, we collected

on Outer Islet, whose flora has not been reported before. George
Lindsay again collected on Outer Islet on January 27, 1950.

Outer Islet is a volcanic crater about two miles south of the
main island. Cliffs 400 feet or more in height rise sheer from
the sea to the crater's rim. Only on the north side, where the rim
dips lowest, do the vertical cliffs give place to a scalable slope

;

and here, too, a small cove gives some shelter against the western
swell. Within the crater, a few feet below the low point of its

rim, is a flat floor of alluvium perhaps two acres in extent, sparsely

covered with low vegetation. From this floor the inner slopes of

the crater rise rather uniformly at about 45°. An irregular net-

work of crevices, dividing the surface into large plates, gives

foothold to more low-growing plants.

Though Outer Islet is rather barren and has little variety of

habitats, it is at least free from the plague of goats which on the
main island has reduced many species of plants nearly or quite to

extinction. In our brief time on Outer Islet, we found 30 species
of plants. Two were undescribed and five others were previously

Madrono, Vol. 11, No. 3, pp. 129-152. August 22, 1951.
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unreported from Guadalupe Island. Ten (including the new
species) are known only from Guadalupe Island, and seven others
are insular endemics. Because of the goats, several of these
species probably are now rare if not extinct on the main island.

The first set of my specimens is in the Dudley Herbarium of

Stanford University (DS). Field numbers are mine unless other-

wise indicated. George Lindsay's specimens are at the San Diego
Museum of Natural History.

Plants of Outer Islet

Dichelostemma pulchellum (Salib.) Heller. Infrequent on
the inner slope (£936).

Atriplex Barclayana (Benth.) Dietr. Common on the inner
slope and floor of the crater (2929)

.

A. californica Moq. North outer slope (29J/.6).

Eriogonum molle Greene. Occasional on the inner slope, but
without flowers (2927). Previously known only from Cedros
Island, Baja California.

Mirabilis laevis (Benth.) Curran. Occasional on the inner

slope (Lindsay 1815).
Mesembryanthemum crystallinum L. Common on the crater

floor.

Talinum guadalupense Dudley. Common on the crater floor,

just coming into leaf and flower (29^2). Also abundant on a

black lava rock about 100 yards offshore and easterly of the

southernmost point of the main island (2807). An exact locality

for this plant has not previously been given. Although originally

described as rhizomatous, it is a succulent shrub about 5 dm. high.

For photographs and a description, see Moran and Lindsay 1950.

Spergularia macrotheca (Hornem.) Heynh. Occasional on

the inner slope (2928).
Eschscholzia Palmeri Rose. A few plants on the north outer

slope (294-5).

Erysimum insulare Greene. Occasional on the inner slope

(2935). Previously known only from San Miguel and Santa Rosa
islands, California.

Dudleya guadalupensis, sp. nov. Caudex diametro l%-3%
cm. multiramosus, rosulae foliis 35—75 oblongo-oblanceolatis

apiculato-acuminatis 2%—6% cm. longis 8-13 mm. latis, caulibus

floriferis sinuosis 2-3 dm. longis, calycis tubo 1—1% mm. longo,

petalis lineari-lanceolatis acutis 11—13 mm. longis 2—2% mm. latis

basi 1—2 mm. connatis valde carinatis fere rectis adscendentibus
sed non vere erectis inter se non contingentibus, carpellis suber-

ectis sed separatis maturis adscendentibus.
Caudex 1%—3% cm. thick, becoming 10 cm. or more long,

branching to form rounded clumps of 60 or more rosettes;

rosettes subglobose, 3—6 cm. in diameter, of 35—75 leaves, the

outer leaves erect or somewhat incurved over the inner; rosette
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Plate 3. Dudleya guadalupensis, Above: Rosettes with young floral stems
and remnants of old ones; photographed April 18, 1948, two days after col-

lection. Below: Cincinni produeed by detached floral stems; photographed
June 22, 1948.
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leaves not glaucous, oblong-oblanceolate, apiculate-acuminate,

2%—6% cm - l°ng? 8—13 mm. wide, 2—3 mm. thick, the base 4-8 mm.
wide, the margins rounded ; floral stems glaucous, sinuous, 2—3

dm. long, 4—7 mm. thick, with about 15—35 leaves, leafless in the

lower 5 cm. ; cauline leaves glaucous, ascending, triangular-ovate,

acute, the lowermost 1—2 cm. long, 7—10 mm. wide; inflorescence

glaucous, of 2-3 ascending simple or bifurcate branches, the

cincinni 4-8 cm. long, with 7—12 flowers; pedicels erect, the

lower 3-5 (—8) mm. long, the upper 2—3 mm. long; calyx 5—6 mm.
wide, 6-8 mm. high, rounded below, the tube 1—1% mm. long, the

segments narrowly triangular-ovate, acute, slightly unequal, 3—5

mm. long, 2%—3% mm. wide; petals white, somewhat greenish

along the keel, linear-lanceolate, acute, 11— 13 mm. long, 2—2%
mm. wide, connate 1—2 mm., strongly keeled, nearly straight,

ascending, not touching each other above the calyx, the corolla

about 4 mm. in diameter at the base and 7—11 mm. in diameter
above ; stamens erect, with filaments about 9 mm. long, the

epipetalous adnate 2—2% mm., the antisepalous adnate 1—1%
mm.; anthers yellow, about 1 mm. long; scales whitish, 1 mm. or

more wide
;
carpels nearly erect but separated, or bowed outward

with the styles connivent, the ovaries about 4—6 mm. long, the

styles at first about 2 mm. long, becoming 3—4 mm. long in the

fresh material ; mature follicles ascending, the ventral margins
about 60—75° above horizontal. Chromosome number: n = 17.

Type. Outer Islet, Guadalupe Island, April 16, 1948, Moran
2947 (DS 324267, 324268).

At the time of collection, the rosettes had about 35 to 70 leaves

and were very compact, the outer leaves being tightly folded over

the inner. Immature leaves less than 2 cm. long were numerous,
making up about half the total number; and they were nearly

equal in size rather than grading evenly from youngest to mature,
as is usual in Dudleya. The date of collection was perhaps near
the end of the growing season : probably the number of leaves

was then about maximum, many of the leaves of the next season
having already been formed. In cultivation in California, the

rosettes look quite different. The number of leaves is about 25

to 40, the outer leaves are ascending rather than incurved, and
the gradation from small to large leaves is more even. At the

native locality the appearance of the rosettes doubtless varies

with the season.

No species of the subgenus Stylophyllum has flat thin leaves

like those of D. guadalupensis. The leaves of D. formosa, D. Tra-

sMae, and D. virens may be quite broad relative to their thickness
;

but if so, they are much broader and thicker and often much
longer than those of D. guadalupensis. The leaves of D. guada-

lupensis seem more typical of Eududleya; in particular, they re-

semble those of 1). linearis, which is endemic to the San Benito
Islands, Baja California.
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The tortuous floral stem of D. guadalupensis seems to be unique

in the genus. All plants seen, amounting perhaps to a hundred
or more, showed this character in the young floral stems and in

those remaining from previous seasons.

The specimens were collected about a month before the time of

flowering. Young floral stems continued to develop but became
somewhat etiolated before they were unpacked. The first flowers

were abnormal because of etiolation, but younger buds produced
flowers that appeared more normal. Plants grown at four locali-

ties in California failed to flower in 1949, 1950, and 1951. The
description of inflorescence and flowers, therefore, is based upon
old floral stems collected on Outer Islet and upon the fresh ma-
terial of 1948, which appears to be normal, but which in some re-

spects may not be so.

In D. guadalupensis the calyx tube is 1 to 1% mm. long. In

D. rubens apparently the tube may be 1 mm. long. But in most
other species there is scarcely more than a suggestion of a calyx

tube.

The petals of D. guadalupensis are long and narrow, ascending,

strongly keeled, nearly straight, and not in contact with each other

above the calyx. They are longer and relatively narrower than
in any species of Stylophyllum. In most species of Stylophyllum

the petals are widespreading from near the middle. In those with
relatively erect petals, as also in the species of Eududleya, the

petals are in contact with each other well above the calyx.

Thus Dudleya guadalupensis appears to differ from other species

of Dudleya in its twisted floral stems and in its somewhat united
sepals. It differs from Stylophyllum in its numerous small thin

leaves in dense rosettes and in its long, narrow, straight, strongly
keeled petals. And it differs from Eududleya in its separated
petals and from most species also in its ascending predehiscent
carpels.

Dr. Charles H. Uhl of Cornell University studied the type
collection and found a gametic chromosome number of 17.

Lotus ornithopus Greene. Occasional on inner slope (2924-).

Euphorbia misera Benth. Common on the crater floor and
occasional on the inner slope (2939). Not previously reported
from Guadalupe Island.

Rhus integrifolia (Nutt.) B. & H. Occasional on the inner
slope and one patch on the crater floor; without flowers or fruit

(2932). Not previously reported from Guadalupe Island.

Lavatera occidentals S. Wats. Common on the inner slope
(Lindsay 1803, Moran 2930). In April 1948 this was in fruit, and
in January 1950 George Lindsay collected it in flower.

The species as it occurs on Outer Islet may be described as

follows : herbage very sparsely stellate puberulent, only the calyx
densely so; leaf blades 6-12 cm. wide, lobed about one-third of
the way to the base, the lobes rounded or narrower, coarsely
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crenate; petioles 4-14 cm. long; petals cream-colored to pale
green with deep purple veins, widespreading, 4—6 cm. long. The
flowers agree well with those of previous collections from Guada-
lupe Island. However, the lobes of the leaves are shorter and
more rounded and the puberulence is sparser.

Lavatera insularis S. Wats., of the Coronado Islands, is here
referred to L. occidentalis, which is therefore scratched from the
list of Guadalupe Island endemics. The collections seen from the
Coronado Islands are quite uniform and perhaps came from one
small area on the west slope of the southern island. Collections
from Guadalupe Island are variable in leaf shape, but some of
them closely match the specimens from the Coronado Islands.

Greene (1885) said that the flowers of L. insularis were exactly
those of L. occidentalis, and so it appears. There remains only the

slight difference in the degree of fusion of the involucral bracts.

Lavatera Lindsayi sp. nov. Frutex circa 3 dm. altus pube
stellata velutinus, foliis rotundo-cordatis 4-9 cm. latis vadose
7-lobatis, lobis rotundatis crenatis, petalis purpureis spatulatis

emarginatis erectis adscendentibusve 3—5 cm. longis. Priori valde

aflinis sed pube densiore foliis minoribus vadosius lobatis petalis

purpureis erectis differt.

Shrub about 3 dm. tall. Herbage velvety with a dense stellate

puberulence. Leaf blades round-cordate with the sinus nearly

closed, 4—9 cm. wide, seven-lobed one third of the way to the base
or less, the lobes rounded, coarsely crenate

;
petioles 2—5 cm. long.

Pedicels several in the upper axils, nearly equalling the flowers.

Involucre 1—1% cm. long, of 3 oblong rounded bracts united in the

lower third. Calyx about 2 cm. long, divided to the middle into

triangular-ovate acute or acuminate segments. Petals deep
purple throughout, spatulate, emarginate, erect or slightly ascend-
ing but not widespreading, 3—5 cm. long. Fruit not seen.

Type. North outer slope of Outer Islet, Guadalupe Island,

April 16, 1948, Moran 29U (DS 325397) ; distributed as L. occi-

dentalis. Collected at the same place by George Lindsay (1812) ;

both collections in flower.

Lavatera Lindsayi is close to L. occidentalis, differing in denser
puberulence, smaller and more shallowly lobed leaves, and more
erect purple petals. The relationship of the two is puzzling. On
Outer Islet they appear quite distinct. Since they grow near to-

gether and since their flowering times overlap, the apparent lack

of intermediates suggests incompatibility. Moreover, plants of

L. occidentalis on Outer Islet are even less puberulent than other

collections of L. occidentalis and agree with them in floral charac-

ters : thus in these respects L. occidentalis of Outer Islet shows no
approach toward L. Lindsayi. These facts suggest that the two
plants are best regarded as separate species. Yet it seems re-

markable that of all the collections of L. occidentalis, those from
Outer Islet most closely approach L. Lindsayi in leaf shape.
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With regard to the difference in flower color, it may be of in-

terest that in L. assurgentiflora Kell. on Indian Rock, off Santa
Catalina Island, I saw (and recorded in color photographs) two
color phases on adjacent plants that otherwise were essentially

identical.

Sphaeralcea Palmeri Rose. Occasional on the crater floor,

without flowers or fruit (294.3).

Crossosoma californicum Nutt. Only one small shrub seen, on
the inner slope (2938).

Mammillaria Blossfeldiana Bodeker var. Shurliana Gates.

One specimen on the crater floor (Lindsay 540). Also seen at the

south end of the main island. Determined by George Lindsay.

This is the plant reported from Guadalupe Island as M. Good-
ridgei Scheer.

Lomatium insulare (Eastw.) Munz. Occasional on the inner

slope (2933). Also occasional on the mesa above the southwest
point of the main island (2854). Determined by Mathias and
Constance. Previously known only from San Nicolas Island,

California.

Convolvulus macrostegius Greene. Occasional on the inner

slope (2921).
Cryptanthe foliosa Greene. Infrequent on the inner slope

(2941).
Lycium californicum Nutt. Common on crater floor (2940).
Castilleja guadalupensis Brandegee. Occasional on the inner

slope (2922).
Galvezia speciosa Nutt. Occasional on the north and inner

slopes (2937).
Baeriopsis guadalupensis J. T. Howell. Occasional on the

north and inner slopes (2934). Previously known only from the

type collection, from the south end of Guadalupe Island.

Coreopsis gigantea (Kell.) Hall. Common on the crater floor

and the inner slope (2923). Two flower heads shot down from
the cliffs of Inner Islet (2868).

Hemizonia Greeneana Rose. Common on the inner slope

(2925). Not in flower here, and flowering very scantily at the

south end of the main island.

Perityle incana Gray. Common on the inner slope (2931).
Not in flower here though flowering on cliffs above Northeast
Anchorage.

Stephanomeria guadalupensis Brandegee. Occasional on the
inner slope, without flowers; juice milky orange (2926). De-
termined by J. T. Howell.

Noteworthy Plants of the Main Island

Bromus mollis L. Occasional in the canyon mouth at North-
east Anchorage (2881). Not previously reported from Guada-
lupe Island.
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Triteleia lugens Greene. North-facing basaltic cliff at about
3500 feet elevation at the north end of the island (2914). Col-
lected by Brandegee in Sparmanns Canyon.

Dudleya sp. Same locality; only a single clump found (2916).
This resembles members of the D. caespitosa complex, but without
flowers it cannot be surely assigned even to subgenus. For a
photograph, see Moran and Lindsay 1950.

Jepsonia Parryi (Torr.) Small. Same locality (2917). When
collected in April, the plants bore leaves but no flowers ; at the
Bancho Santa Ana Botanic Garden in August 1950, they flowered
while leafless. Clearly this is the same as the sterile specimens in

the Herbarium of the University of California collected on Guada-
lupe Island by Brandegee in 1897 and by Drent in 1898. The
species has not previously been reported from Guadalupe Island,

unless it is the "Heuchera?" reported from sterile material col-

lected by Palmer and by Franceschi.

In the three collections from Guadalupe Island, the rhizome
is 5 to 12 mm. thick and the leaves are mostly 4 to 8 cm. wide.
In specimens from the islands and mainland of southern Cali-

fornia, the rhizome (except for a thicker basal corm) is about 1

to 6 mm. thick, and the leaves are 2 to 6 cm. wide. The flowers

of the Guadalupe plant are similar to those of several collections

from southern California. The hypanthium including the sepals

is 3 to 4 mm. long, and the sepals are about % to 1 mm. long.

Ruta graveolens L. Three sterile plants in the canyon mouth
at Northeast Anchorage (28Jf3). Not previously reported from
Guadalupe Island.

Oenothera micrantha Hornem. Occasional in the canyon
mouth at Northeast Anchorage (2891). Determination verified

by P. A. Munz. Not previously reported from Guadalupe Island,

whence the closely related but little-known O. guadalupensis S.

Wats, was described. No Oenothera has been found before at this

well-collected spot; and, moreover, it is here that many aliens

have first been noted on the island. It therefore seems likely that

O. micrantha is a new arrival.

Nicotiana glauca Graham. Well established in and about the

canyon mouth at Northeast Anchorage (2838). Not previously

reported from Guadalupe Island and doubtless a new arrival.

Bailey Hortorium, Cornell University,
Ithaca, New York
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SUPPLEMENT TO THE FLORA OF WHATCOM COUNTY,
WASHINGTON

W. C. MUENSCHER

Since the publication of the Flora of Whatcom County, Wash-
ington in 1941 1 several visits to the county have afforded op-
portunity to observe and collect a few additional species. Some of

these were previously overlooked, others may represent recent

adventives or introductions. These, with annotations and dates

for first observation, are here recorded.
Potamogeton obtusifolius M. & K. This very distinct species

of pondweed was abundant during July, 1950, in extensive areas

in four to six feet of water in Wiser, Barrett, and Terrell lakes.

Apparently it has not been recorded previously from west of the

Rocky Mountains south of British Columbia.
Zizania aquatica. L. Wild Rice. Local on muddy bottom in

three to four feet of water toward the west end of Wiser Lake.
Numerous visits during the last forty years have never revealed
its presence previous to 1950. Probably it was here introduced to

improve feeding areas for water fowl.

Scirpus cyperinus (L.) Kuntli. Forming clumps in shallow
water in marshy ground about Terrell Lake and Barrett Lake.
Not previously reported from west of the Rocky Mountains;
possibly introduced in recent years.

Polygonum cuspidatum Sieb. & Zucc. Persisting and spreading
in several places where it was introduced.

Lepidium perfoliatum L. Although I have known this weed
from eastern Washington since 1916 and it is now widespread in

the Great Basin area, it does not seem to have been reported be-
fore from Whatcom County. On dry bank near shore of Birch
Bay; 1950.

Rorippa sylvestris (L.) Bess. Established as a weed on slopes
in Bellingham and near Lake Whatcom where it was apparently
brought in with flower plantings; 1947.

Cuscuta epithymum Murr. Clover Dodder. Appeared in

cleared upland seeded to red clover near Goshen; 1947. On
roadside south of Birch Bay; 1937.

Satureja Acinos L. Scheele. Well established in grassy open-
ing by Silver Lake; 1947. Probably introduced with grass seed.

Veronica filiformis Sm. Creeping Speedwell. Spreading
from places where it had been introduced as an ornamental in

rock gardens, Bellingham; 1947. In the northeastern states it

has overrun lawns and become a noxious pest.

Aster pilosus Willd. Appearing as if adventive near the
beach, Birch Bay. First observed over several acres in 1943; by
1950 it had spread to large areas of dry gravelly grasslands.

1 Muenscher, W. C. The Flora of Whatcom County, State of Washington-
Vascular Plants. 1941. pp. 1-139. Fig. 1-10. Ithaca, N. Y.



162 MADRONO [Vol. 11

Cotula coronopifolia L. Common on muddy borders of

brackish marshes and margins of tidal streams. I have observed
and collected this species from several stations, but failed to re-

cord it earlier. Semiahmoo Bay, 1919 ; Lummi Point, 1933, 1937,
1943; Point Roberts, 1937; Eliza Island, 1939; Chuckanut Bay,
1939; Neptune Beach and Terrell Lake, 1950.

Lactuca muralis Fresen. Common in the shade under ever-

green trees in city park, Lynden ; 1950.
Department of Botany, Cornell University,

Ithaca, New York

AN ANTHRACNOSE DISEASE OF UMBELLULARIA
CALIFORNICA 1

John M. Harvey2

A fungus considered here as belonging to the genus Kabatiella

was found to be associated consistently with diseased leaves of

the California laurel tree, Umbellularia californica Nuttall, collected

in the coast ranges of central California.

Brown, necrotic patches, originating at the tip, lateral margins,
or petiolar region of the leaf , are produced by this fungus and may
eventually extend over the whole leaf (pi. 3, fig. A). The
affected areas often have a rather roughened appearance due to

numerous acervuli which break through the epidermis.
Kabatiella seems to be present in such diseased leaves through-

out the year, at least in the rather humid and temperate coastal

areas where collections were made. The older leaves (2—3 years
old) were most commonly infected with the fungus, although in

some cases where branches died back for other reasons, Kabatiella

was isolated from younger leaves.

Taxonomy of the Causal Agent

Bubak (1907) established the genus Kabatiella on June
8, 1907, naming a new imperfect fungus, K. microsticta Bubak,
found on Convallaria majalis L. A second species, Kabatiella ribis

Vasil. on black currant, was described by Vassilievsky (1923).
Atkinson and Edgerton (1907) erected the genus Protocoronospora

in September, 1907, and described P. nigricans Atk. and Edgert., a

pathogenic species found on cultivated vetch, as the type. These
authors noted the resemblance of the spores in mass to those of

the anthracnose fungi in the order Melanconiales, but regarded
the fungus as being a basidiomycete because of the peculiar spore-

1 A revision of a section of a thesis submitted to the Graduate Division of
the University of California at Berkeley in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy.

2 The author wishes to acknowledge his indebtedness to Dr. H. N. Hansen
and other members of the Division of Plant Pathology for counsel and advice in

this work.
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bearing structures. They considered these to be basidia and
observed that from four to eight sessile spores were borne in a

whorl at the end of these basidia.

Further study was made of this fungus by Wolf (1920) who
found cytological evidence confirming that the structures re-

garded as basidia by Atkinson and Edgerton were conidiophores

and that the fungus properly belonged in the order Melanconiales.

In reviewing this group of fungi, Karakulin (1923) was con-

vinced that his Exobasidiopsis viciae Karak. described in 1922 is

identical with Protocoronospora nigricans and that Kabatiella micro-

sticta, K. ribis, Pachybasidiella polyspora Bub. and Syd. and Gloeo-

sporium caulivorum Kirch, are all congeneric with the first two
above mentioned pathogens. Kabatiella, having priority is the

generic name to be used. Therefore, Karakulin included the

following species in Kabatiella and made the necessary transfers :

K. microsticta Bubak, K. polyspora (Bub. and Syd.) Karak., K.

ribis Vassil., K. caulivora (Kirch.) Karak. and K. nigricans (Atk.

and Edgert.) Karak. Wolf and Wolf (1947, p. 394) apparently

accept Karakulin's revision for they state that "the so-called

Protocoronospora nigricans in vetch appears properly to belong in

Kabatiella." Sampson (1928) in her studies on the red clover

anthracnose employs Kabatiella caulivora for the fungus previously

designated as Gloeosporium caulivorum.

The genus Protocoronospora appears, therefore, to be invalid and
species formerly placed in that genus should be placed in Kaba-
tiella. The original descriptions of both genera appear to apply
to similar fungi, the chief distinction being whether the conidia
are borne sessile or on sterigmata. The fundamental character
common to all the fungi referred to Kabatiella by Karakulin is the

possession of a conidiophore of the pseudobasidial type. The
club-shaped conidiophores arise from a small cushion or large

stroma-like hymenial layer and emerge either through the stomata
or by rupturing the epidermis. Several hyaline, unicellular

conidia are borne terminally or rarely laterally on very minute
stalks which are scarcely visible until after the conidia fall. Since

even in species long recognized as belonging in Kabatiella, the

sterigmata are sometimes not visible until after the conidia have
fallen from the conidiophore, it is conceivable that they were
present in P. nigricans, but not observed or not interpreted as such.

This character does not in any event seem to justify the separa-
tion of two genera so similar in other characteristics.

A fungus found to cause a disease of mistletoe, Phoradendron
flavescens (Pursh) Nuttall var. macrophylla Engelm. was con-
sidered by Darling (1940) to be sufficiently distinct from Proto-
coronospora nigricans to warrant its description as P. Phoradendri,
a second species in the genus. One of the chief differences, aside
from the respective host plants, was the fact that the conidia of
P. nigricans germinate by budding or by germ tubes, while those of
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P. Phoradendri were observed to germinate only by a germ tube
and never by budding. Darling states in her description of the

species that small sterigmata are present, which fact, if used as a

generic character would in any event place this fungus in Kaba-
tiella rather than in the genus Protocoronospora. The following

transfer is therefore proposed:

Kabatiella Phoradendri (Darling) comb. nov. Protocorono-

spora Phoradendri Darling, Madrono 5: 242. 1940.

The genus Aureobasidium Viala and Boyer described in 1891
has been listed as being synonymous (Ainsworth and Bisby, 1945,
Clements and Shear, 1931) with Kabatiella, but this has not been
confirmed by critical studies. Karakulin, in his discussion of

fungi belonging in the genus Kabatiella fails to mention Aureo-
basidium. Various authors (Ciferri, 1922) have placed this genus
near Exobasidium, while others have placed it in the Deuteromy-
cetes. As originally described, the genus (Viala and Boyer,
1891) was considered to belong in the Basidiomycetes. Viennot-
Bourgin ( 1949, p. 609) regards certain species of the form genera
Aureobasidium, Dematium, Exobasidium and Pullularia as being
synonymous, these species possessing Anthostomella as the asci-

gerous stage. This latter group of fungi possesses characters
quite different from the fungus considered herein whose charac-
ters agree more closely with those of the genus Kabatiella.

Morphology

Kabatiella Phoradendri was isolated from leaves of mistletoe

collected on the northwest shore of Clear Lake, California (Janu-
ary 25, 1950) in order to compare it with the Kabatiella isolate

from California laurel.

The acervuli of the Umbellularia isolate usually break through
the lower (occasionally the upper) epidermis of the leaves. Their
size varies from 155 to 263 microns in diameter. No setae were
observed in the acervuli of this isolate although they are reported
to occur in K. Phoradendri and K. nigricans and are reported as

being absent in K. caulivora.

The conidiophores are clavate to cylindrical, 21—65 microns
long and 7 to 1 1 microns broad. One to eleven conidia are borne
terminally (pi. 4, fig. C) on small obscure sterigmata that are

visible only after the conidia are shed.

The conidia of the isolate of Kabatiella found on Umbellularia

californica are 20.1—28.9 microns long and 2.8—3.5 microns broad,

average 24.2 x 3.1 microns. They are allantoid in shape and
muticate (pi. 4_, fig. B). In contrast, the conidia of Kabatiella

Phoradendri are 15—26 microns long and 4.5—6.5 microns broad
and much more curved, being described by Darling (1940) as

falcate (pi. 4, fig. A).
The mycelial hyphae of the Umbellularia isolate are 3.2—5.6

microns in diameter.
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In old cultures conidia of the Umbellularia isolate were ob-
served to give rise to new conidia either at their ends or sides.

When this phenomenon occurred the protoplasm from the old

conidium moved out into the new one. It is doubtful if one could
regard this as a true process of budding in the sense of a yeast
budding. In the latter case both resulting cells contain function-

ing protoplasts. The type of budding which Wolf (1920) de-

scribes as occurring in Kabatiella nigricans and which Martin (1928,
1929) describes as occurring in K. microsticta and K. polyspora

has not been observed in the isolate from Umbellularia californica.

When conidia of this fungus were plated out on water agar, they
germinated by germ tube only. In this character this isolate

seems to resemble Kabatiella Phoradendri, but differs from K.
nigricans, K. ribis, K. microsticta, K. polyspora and K. caulivora.

Cultures on potato dextrose agar slants show very slow and
sparse growth even when kept at optimum temperatures for

growth. The conidia are cream colored in mass and the my-
celium, at first hyaline, darkens with age, resulting in colonies
which are greyish-white in color on the perimeter, but dark brown
to black in the center.

On oatmeal agar slants, growth is greater than on potato
dextrose agar under similar environmental conditions. More
mycelial growth is made, but the colonies still remain compact
and turn dark with age.

On both the above media, greater conidial production was ob-

served if inoculation was made by pouring a spore suspension
over the entire surface of the medium rather than by introducing
single spores or mass transfers of mycelium.

Growth was good and acervulus formation excellent on a

natural medium of sterile pea straw in agar plates prepared ac-

cording to the method described by Hansen and Snyder (1947).
Plates inoculated February 1, 1950, and kept in a rack outside the

laboratory window showed well-formed acervuli in six days. On
this medium the conidia are pink-colored in mass. Dried leaves

of Umbellularia californica ground and prepared by the same
method proved to be equally as good as the pea straw for the

growth of this fungus.

Temperature Relations

Tests were made to determine the effect of temperature on the

growth rate of the isolate from Umbellularia and of Kabatiella

Phoradendri. Single spore cultures on potato dextrose agar were
prepared and placed in unlighted temperature chambers at

temperatures ranging from 1 to 31° C. The diameters of the

colonies were measured at the end of twenty-eight days to de-

termine relative growth rates. The critical temperatures for

growth for the isolate from Umbellularia californica were 4, 16 and
25° C. (pi. 5, fig. C). Those for the mistletoe isolate were 4, 22,
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Plate 5. Kabatiella. Fig. A. Leaves of Umbellularia californica in-
fected with Kabatiella Phoradendri f. umbellnlariae. Fig. B. Cultures of
K. Phoradendri on potato dextrose agar kept at 7° C. (left) to 28° C, (right)
at 3 degree intervals. Fig. C. Cultures of K. Phoradendri f. umbellnlariae
(same culture conditions as in B).
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and 28° C. (pi. 5, fig. B). Thus the mistletoe isolate can tolerate

a somewhat greater range in temperature and grows best at a
temperature somewhat higher than the temperature for optimum
growth of the isolate from U. californica. Considering the regions
in which the respective fungi are most commonly found, this

difference in behavior toward temperature might be expected.
The temperatures are rather moderate in the coastal region from
which most of the Kabatiella isolations from Umbellularia cali-

fornica were made. On the contrary, Kabatiella Phoradendri was
isolated from mistletoe plants growing in a region where the
fluctuations in temperature are more extreme and the average
temperature is somewhat higher.

It was found that the optimum temperature for sporulation

was 10° C. for the isolate from Umbellularia whereas sporulation

was equally great at 10 and 13° C. for Kabatiella Phoradendri.

In both fungi, sporulation was greatly reduced at higher tempera-
tures.

Inoculation Experiments

Some difficulty was experienced in infecting living leaves of

Umbellularia californica with Kabatiella isolated from this host.

Seedlings kept for two days in a moist chamber out of doors were
inoculated by spraying with a spore suspension. Some of the

leaves had been wounded previously by scratching or pricking
with a dissecting needle. These were kept in a moist chamber
for two days after inoculation but they failed subsequently to

show evidence of infection.

When leaves, dried and sterilized with propylene oxide (Han-
sen and Snyder, 1947), were placed in a sterile moist chamber and
inoculated by spraying with a spore suspension of the fungus,
development took place rapidly. At first the mycelium and
acervuli appeared to be growing only on the surface of the dead
leaves, presumably being nourished by materials which had
diffused out from the leaf into the water on the leaf surface.

This mycelium had not invaded the tissue and could easily be
scraped off with a dissecting needle. Two weeks after inocula-

tion, however, the fungus had invaded the leaf tissue, and
numerous acervuli could be observed erupting through the epi-

dermis of the leaf. This would seem to indicate that this isolate

of Kabatiella is a rather weak parasite, but readily assumes a

saprophytic existence.

Detached twigs of Umbellularia californica, each bearing several

leaves, were placed in moist chambers, the basal end of the twig
being immersed in a beaker of water. Some of the leaves were
wounded by scratching them with a dissecting needle. Two twigs

were inoculated by spraying with a spore suspension of the

Kabatiella isolate from Umbellularia californica, and the third with
Kabatiella Phoradendri. Two of these moist chambers with con-

tents were placed in unlighted temperature chambers at the opti-
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mum temperatures for the respective pathogens, i.e., 13° C. for the

Kabatiella from Umbellularia californica and 22° C. for Kabatiella

Phoradendri. The remaining chamber, in which the leaves were
inoculated with the Kabatiella from Umbellularia californica, was
kept out of doors (March 14, 1950).

At the end of ten days all the inoculated leaves kept in the

temperature chambers had become infected. Acervuli were
formed abundantly along the wounds in the leaves, and also were
formed on unwounded leaves. Acervuli were especially prom-
inent along the advancing margins of infection. The inoculated

leaves kept out of doors showed no infection.

Life Cycle

Though the isolate of Kabatiella from Umbellularia californica

was studied on a variety of culture media and on diseased leaves,

no perfect stage was ever observed. This was also the experi-

ence of Wolf (1920) with Kabatiella nigricans. No reference to

the discovery of a perfect stage for members of this genus was
found by the author. The organism seems to persist in the leaves,

however, in a mycelial state producing acervuli readily under
proper conditions. Since the leaves remain on Umbellularia cali-

fornica for several seasons, the fungus can maintain itself by
sporulating on diseased parts of older leaves, disseminating
conidia from these foci of infection to younger leaves from year
to year.

Such a hold-over in the vegetative state was demonstrated by
Wolf (1920) with Kabatiella nigricans. The mycelium of this

pathogen can remain alive in old infected parts of vetch and also

is seed borne, the mycelium penetrating well into the seed. The
longevity of the conidia of K. caulivora has been shown by Samp-
son (1928), the conidia remaining viable on red clover seed for
eighteen months after harvest.

Discussion

The characteristics of the fungus isolated from Umbellularia cali-

fornica are most similar to those of fungi placed in the genus
Kabatiella. As reported in the literature, the species constituting
this genus appear to differ chiefly, aside from host relationships,
in the manner in which the conidia germinate and in the manner
in which they are borne, i.e., sessile or on sterigmata.

The conidia of Kabatiella nigricans and K. polyspora (Bubak
and Sydow, 1915) are reported as being sessile. Those of K.
microsticta, K. ribis, K. caulivora and K. Phoradendri are reported
as being borne on sterigmata, although these are minute and often
are apparent only after the conidia are shed. This fact might
indicate that sterigmata were present, but not observed or not
construed as such in the first two species mentioned. In any
event, this does not appear to be a reliable character upon which
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to base a differentiation of species.

The conidia of K. nigricans, K. ribis, K. microsticta, K. polyspora

and K. caulivora have been reported to germinate by budding.
In K. Phoradendri no budding is reported to occur. In this

character the isolate of Kabatiella from Umbellularia californica

resembles Kabatiella Phoradendri and differs from the other species

in the genus.
Though the new isolate resembles K. Phoradendri in the above

character, the two fungi differ from one another morphologically
in the shape and size of the conidia, physiologically in their re-

spective temperature ranges, and in the symptoms they produce
on their respective hosts.

The proper placement of a newly discovered fungus in such
a genus as Kabatiella would involve a detailed study of all the

species in the genus and perhaps in closely related genera, a

task somewhat beyond the scope of the present study. The
isolate from Umbellularia californica seems, however, to be related

to Kabatiella Phoradendri more closely than to the other species in

the genus, in so far as can be determined from the literature.

Both fungi are found in close proximity, the respective hosts

being native to the regions in which collection of diseased speci-

mens was made; in old cultures of the isolate from Umbellularia

californica the conidia assume a shape which approaches that of

the conidia of Kabatiella Phoradendri; and in both fungi the

conidia are borne on minute sterigmata which are visible only

after the spores are shed. Furthermore, K. Phoradendri was in-

duced to grow on Umbellularia in culture.

Considering the wide range of variability which can occur in

a single species, as demonstrated in species belonging to the

genus Fusarium by Snyder and Hansen (1940), it appears that

the differences exhibited by these two isolates might well repre-

sent such variation within the species Kabatiella Phoradendri. It

seems, therefore, on the basis of host relationships, best to regard
the isolate from Umbellularia californica as a form of Kabatiella

Phoradendri, rather than as a new species.

Kabatiella Phoradendri Darling f. umbellulariae forma nova.

A specie conidiis angustioris minus curvatis differt. Habitat in

foliis Umbellulariae ( Lauracearum) . America Borealis.

Type. On Umbellularia californica Nuttall, north side of

Russian River near Monte Rio, Sonoma County, California,

November 15, 1949, John M. Harvey (Herb. Univ. Calif, no.

924306).
This form has been collected on Umbellularia californica in

Alameda, Contra Costa, Santa Cruz, Marin, Mendocino, Sonoma,
Napa and Lake counties, California.

Summary

A fungus belonging in the genus Kabatiella was found to be



1951] HARVEY: UMBELLULARIA DISEASE 171

consistently associated with diseased leaves of Umbellularia cali-

fornica. Symptoms are brown, necrotic areas which appear near

the tip, lateral margins, or base of the leaf.

The pathogen was isolated, studied in culture, and compared
with related organisms. Inoculation experiments were carried

out to determine the pathogenicity of the fungus.

The position of the closely related fungus, Protocoronospora

Phoradendri is discussed and its transfer to Kabatiella is proposed.

The isolate from Umbellularia calif ornica is proposed as a form of

Kabatiella Phoradendri.
United States Horticultural Field Station,

Bureau of Plant Industry, U.S.D.A.,

Fresno, California
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BOTANY OF THE INTERMOUNTAIN REGION—II.

LESQUERELLA

Bassett Maguire and Arthur H. Holmgren

Intermountain field study in the genus Lesquerella over the past

few years had made necessary the earlier review of species of the

L. utahensis group (Maguire, 1942). Now question is raised over
problems that have been uncovered in three other centers within

the genus, viz. (1) L. Hitchcockii, (2) L. occidentalis, and (3) L.

Kingii. Consideration of them will follow in order.

Lesquerella Hitchcockii Munz

Two populations in Lesquerella, both of such similar morpho-
logical character as to demonstrate a close consanguinity, but each
of restricted and independent physiographic range, have been es-

tablished as species. One of these is from the Charleston
Mountains and the nearby Sheep Range in the Mohave Desert,

Clark County, Nevada, and has been called L. Hitchcockii

(Munz, 1929, p. 163), and the other from the Paunsauqunt Plateau

in Garfield and Piute Counties, Utah, as L. rubicundula (Rollins,

1941, p. 178).
Subsequently, the writers made two collections from the Great

Basin, in still another physiographic region, in the Quinn Canyon
Range, Nye County, Nevada, and thus revealed a third population

that is closely related to the two above. These and further speci-

mens of L. rubicundula collected from its type locality, Red Canyon,
have made necessary a more detailed consideration of the most
probable relationship that obtains among the three populations.

Rollins (loc. cit.) has ascribed differences between L. Hitch-

cockii and L. rubicundula as follows: "Our plant differs from L.

Hitchcockii in having much shorter styles
;
longer, linear instead of

obovate or spatulate leaves; and sessile instead of subsessile fewer
siliques. The siliques of L. rubicundula are ruddy, but not a deep
red as in L. Hitchcockii

"

From the additional material now available, appraisal of

Rollins' conclusions is largely confirmatory ; there are significant

style and leaf differences, but a short stipe seems to be consistently

developed in both populations, and silique color seems to be of

negligible importance.
The third population, that from the Quinn Canyon Range, is

the most robust of the three, having larger leaves, flowers, and
fruits, with the last in addition, oblong-elliptic rather than sub-

globose. Closer affinity apparently lies with L. rubicundula; in-

deed, some specimens vegetatively are hardly separable from it.

But on the other hand, broader-leaved plants are inseparable from
the more lax specimens collected at the type station of L. Hitch-

cockii. In Table 1 are summarized the seemingly pertinent data
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obtained from careful measurement of the material at hand.

It seems clear, then, from the above considerations, that the

three more or less distinct but intergradient regional populations

constitute but a single polymorphic species.

Key to the Subspecies of L. Hitchcockii

Leaves usually 2-4 mm. wide, 6-12 mm. long, spatu-

late to broadly oblanceolate, the blades abruptly

or sometimes gradually narrowed into a short

petiole; average leaf width-length ratio 1:2.8 . . 1. L. Hitchcockii

subsp. Hitchcockii
Leaves usually 1-3 mm. wide, 10-20 mm. long, ob-

lanceolate to nearly linear, narrowed into

slender petiole equalling or longer than the

blade; average leaf-width ratio 1:7.4 2. L. Hitchcockii

subsp. confluens

Leaves mostly 1-2 mm. wide, 5-10 mm. long, linear

to narrowly oblanceolate, hardly at all narrowed
into a petiole; average leaf width-length ratio

1 : 6.0 3. L. Hitchcockii

subsp. rubicundula

1. Lesquerella Hitchcockii subsp. Hitchcockii. L. Hitchcockii

Mimz, Bull. Torrey Club 56: 163, 1929, as to type.

Type locality. High exposed ridges at 10500 ft., Charleston

Mountains, Clark County, Nevada, September 1, 1927, Jaeger &
Hitchcock sine no. (Pomona No. 45092).

Distribution. Known only from the Charleston Mountains and
Sheep Range, Clark County, Nevada.

Representative specimens. Charleston Mountains : benches
at 11000 ft., June 26, 1926, Jaeger sine no.; Kyle Canyon, July 22,

1930, Goodman & Hitchcock 1685. Sheep Range: dry creek bed
and banks 7600 ft., Hidden Forest, June 10, 1940, Alexander &
Kellogg 1697.

2. Lesquerella Hitchcockii subsp. confluens subsp. nov. Herba
perennis multicipitalis, ramis numerosis ex rhizomatis, foliis

anguste oblanceolatis vel sublinearibus 1-3 mm. latis, 10-24
mm. longis (med. 2.9 x 14.1 mm.), latitudine-longitudine rationi-

bus mediis 1 : 7.4, siliculis oblongo-ellipticis substipitatis 3.5-6.0

mm. longis, stylis 3.5-6.0 mm. longis.

Type. Loose gravelly soil along little draws in open juniper
and pinyon pine, 7000 ft., ridge north of Cherry Creek Pass, fre-

quent, June 20, 1945, Quinn Canyon Range, Nye County, Nevada,
Maguire § Holmgren 25534 (New York Botanical Garden, Utah
State Agricultural College).

Distribution. Known from only the Quinn Canyon Range by
the type and a second collection : upper Cherry Creek, June 23,

1945, Maguire & Holmgren 25590.
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3. Lesquerella Hitchcockii MunZj subsp. rubicundula

(Rollins) comb. nov. L. rubicundula Rollins, Contr. Dudley Herb.

3: 178. 1941.

Type. Red Canyon, 2300 m., Powell National Forest, Garfield

County, Utah, July 6, 1912, W. W. Eggleston 8198 (Herb. Nat.

Arboretum)

.

Distribution. Known only from red clay and gravelly banks
in Garfield, and Piute counties, Utah.

Representative specimens. Gravel, 7000 ft., Maryvale, Piute

County, June 6, 1894, Jones 5^0^; Panguitch, Garfield County,
July 18, 1920, Jones sine no.; dry gravelly slopes in sparse yellow
pine and pinyon pine, frequent, 7000 ft., 3% mi. east mouth Red
Canyon, Garfield County, June 25, 1940, Maguire 19075, topotype ;

red limestone gravel slides, Red Canyon, Garfield County, June 7,

1947, Ripley $ Barneby 85U-

Lesquerella occidentalis S. Wats.

Two names, Lesquerella diversifolia Greene and L. Cusickii

Jones, have generally, since their proposal, been accepted as rep-

resenting distinct specific populations, however close they might
be to the first recognized L. occidentalis. A brief historical review

will facilitate a consideration of their proper status and
relationship.

Watson (1885, pp. 353-354) described Vesicaria occidentalis

from three collections which we now have before us : near Yreka,
California, E. L. Greene, in 1876 ; Multnomah County, Oregon, T. J.

Howell; and, White Bluff's of the Columbia, Washington Territory,

T. S. Brandegee. The first of these, designated as the type by
Payson (1922, p. 224), is a single specimen with essentially erect

stems about 17 cm. high, coarsely sinuate leaves, and compressed
pods. The other two, the Howell specimen deposited at Gray Her-
barium, and the Brandegee specimen at the National Herbarium,
are Lesquerella Douglasii (proposed by Watson three years later

in 1888) and consequently are of no concern here. The name L.
occidentalis therefore must rest on the type, the Greene specimen.

The type, unfortunately a much damaged specimen without
caudex, consists of a crown of five apparently ascending fruiting

stems from 11 to 17 cm. high with rather numerous oblanceolate
coarsely sinuate leaves from 2 to 7 cm. long. It represents one of
the less frequently collected biotypes, viz., plants of more or less

erect habit. Two other collections from Lassen Peak passed
Watson's review at the time. The first, Lemmon 972 (Gray Her-
barium) consists of two specimens, each a distinct biotype and
both in early flowering stage, one with an elongate caudex and
ascending stems, similar to the type of L. occidentalis but with
entire leaves, the other with thicker short caudex, apparently
decumbent branches and smaller entire leaves. The second collec-
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tion, made by Mrs. Austin (Gray Herbarium) , consists of small

plants of uncertain habit, but are with mature fruit compressed in

the manner of the type of L. occidentalis. These two collections

are inscribed in Watson's hand "Vesicaria Kingii Watson—n.sp."

and form part of the material upon which the name Lesquerella

Kingii was based. They both, however, are part of the L. occi-

dentalis complex and are greatly different from the Great Basin
L. Kingii which has subglobose, frequently retuse pods.

More recent collections from the Siskiyou Mountains of Cali-

fornia further demonstrate the variability of L. occidentalis in the

type region: a collection from Marble Mountain at 8000 ft. eleva-

tion (Chandler 1653) consists of a series of plants with ascending
branches like that of the type but for one specimen on the Gray
Herbarium sheet in which the branches are decumbent. In all of

these the leaves are large, entire, or once-toothed, except in the

decumbent specimen. In this the leaves are smaller. A collection

from Black Mountain near Marble Mountain at 6800 ft. (Hitchcock

Martin 5305) is a series of depressed heavy caudexed plants, of

the L. diversifolia phase, as is a collection from Anthony Peak,
Mendocino-Tehama County (Eastwood Howell 9859).

Mention should be made of a Cusick collection (no. 2054-),

the printed label for which bears the indefinite locality, "Stein's

[Steens] and southern Blue Mountains." All the plants of this

well distributed series are vigorous, essentially erect plants with
stems reaching 30 cm. in height, shallowly toothed or repand
leaves some 8 cm. in length; likewise the exceedingly coarse speci-

men (Peek 16012), from Wheeler County, Oregon, is of the same
habit with stems 25 cm. high, and large sinuate leaves 8 cm. long.

Specimens of diverse habit, prostrate or ascending, were until

1901 interpreted as L. occidentalis. At that time Greene (1901,

p. 309), without reference to the older name proposed L. diversi-

folia based on Cusick's collection (2304) from the Wallowa Moun-
tains, Wallowa County, Oregon, as "Small and rather slender

perennial, caudex simple or with 2 or 3 short branches : tufted

leaves small, all on rather slender petioles longer than the blade,

this from round-ovate to ovate-hastate, rhombic-ovate and ovate-

lanceolate, seldom one-half inch long, both faces canescently

lepidote : racemose peduncles 2 to 4 inches long, decumbent or

assurgent, floriferous at summit, below it conspicuously leafy-

bracted, the bracts oblanceolate : calyx and ovaries lepidote
;
pods

not seen." Four isotype sheets are before us (none with mature
fruits). Those from the Washington State College (no. 11231)
and the National Herbarium (no. 362551), and the New York
Botanical Garden consist of plants that conform to the type
description. The sheet from Gray Herbarium has three specimens,
two "small and rather slender," but the third is a vigorous plant

with a coarse woody root and a heavy caudex some 6 cm. long that

indicate a duration of several years at least. The leaves reach a
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length of 7 cm. and the procumbent or flexuous flowering shoots a

length of 15 cm.
Numerous subsequent collections demonstrate considerable

diversity and intergradation in habit, in duration, size and form of

leaf, and in pod size. Habits range from small, few-stemmed de-

pressed plants of short duration to large, coarse many-stemmed
long-lived, large-caudexed specimens, or even to individuals with

ascending stems as in the three following collections from the John

Day Valley, Grant County, Oregon (Cusick 3258, Gale 154, and

Peck 19894).

One further name comes under consideration, L. Cusickii Jones

(Jones, 1908, p. 2). The well distributed type series from "white

2367), are all immature plants in flower and without a well de-

veloped perennial caudex. They are without fruit, but by general

similarity of form (not always dependable in Lesquerella) and
locality, there is little doubt that they belong to the L. occidentalis

complex. Plants of similar habitat from banks of Otis Creek,

Malheur County (Leiberg 2337), or from Fossil, Gilliam County
(Leiberg 130), both cited by Payson (1922, p. 225) as L. Cusickii,

are more or less coarse than the type series but show varying

degrees of persistence.

But numerous collections show limited duration and exhibit

diversity in habit, habitat, and range, as : Maguire Holmgren
256^9, stony slopes, Magruder Mountains, Esmeralda County,
Nevada, tiny depressed plants hardly to be recognized as peren-

nial; Gale 154, dry ground, Grant County, Oregon, already cited

above as transitional between the more or less erect L. occidentalis

type and the depressed L. diversifolia type; or Thompson 11339,

dry rocky sagebrush, Wheeler County, Oregon, an extensive series

of plants with coarse heavy caudexes at one end of the series, but
with roots that scarcely seem perennial at the other.

In summary, it is abundantly evident through study in the field,

and the examination of eighty-eight herbarium specimens, that the
plants going variously under the names Lesquerella occidentalis, L.

diversifolia, and L. Cusickii constitute but a single variable assem-
blage consisting of several rather distinctive but completely inter-

grading populations. The prostrate or decumbent form desig-

nated by the name L. diversifolia is the most extensive and prevails

throughout the entire range of the species. The more erect form
exemplified by the type of L. occidentalis (the oldest and therefore

proper name for the assemblage) is considerably less frequent,

and is probably the expression of more favorable habitat, but is

apparently restricted to the northwestern part of the general
range. Juvenile plants of both forms appear to be annuals or

short-lived perennials. Plants of short duration and moist cal-

careous clay or sand habitats seem to be confined to low altitudes

in southeastern Oregon, eastern Nevada and northwestern Utah.
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They are rosette-making and densely floriferous. Immature
plants of this character and environment formed the basis for
L. Cusickii.

It therefore seems proper to treat the three elements as
subspecies under the oldest name, L. occidentalis.

Key to the Subspecies of L. occidentalis

Plants strongly perennial (except depauperate plants
or those flowering during the first season).

Flowering stems ascending, 10-20 cm. high; the
basal portion of the blade often sinuate, some-
times entire 1. L. occidentalis

Flowering stems prostrate; the basal portion of the

blade entire or once shallowly toothed 2. L. occidentalis

subsp. occidentalis

L. occidentalis

subsp. diver sifolia
Plants weakly perennial, vigorously flowering during

the first season; slender-rooted plants often of

moist calcareous clay or sand 3. L. occidentalis

subsp. Cusickii

1. Lesquerella occidentalis subsp. occidentalis. Vesicaria

occidentalis S. Wats. Proc. Am. Acad. 20: 353. 1885, as to type.

Lesquerella occidentalis (S. Wats.) S. Wats. Proc. Am. Acad. 23:

251. 1888.

Type. Near Yreka, California, in 1876, E. L. Greene sine no.

(Gray Herbarium).
Distribution. Moderate elevations, northern California to

north-central Oregon.
Representative specimens. Oregon: Stein's [Steens] and

southern Blue Mountains, Cusick 2051/.; Wheeler Count v, Peck
16012.

2. Lesquerella occidentalis subsp. diversifolia (Greene)
stat. nov. L. diversifolia Greene, Pittonia 4: 309. 1901.

Type collection : Wallowa Mountains, Wallowa County, Ore-
gon, Cusick 2S0Jf. (isotypes: Gray Herbarium, U. S. National Her-
barium, Washington State College, New York Botanical Garden).

Distribution. Southern Washington and southern Idaho to

northern California and Mineral and White Pine counties, Nevada,
at altitudes of 7000 to 10,000 feet. This is the most widespread of

the three races of L. occidentalis and is itself polymorphic.

2a. Lesqurella occidentalis subsp. diversifolia var. ciner-

ascens var. nov. Herbae valde cinerascentes perennes multicipi-

tales ; ramis prostratis 5—10 cm. longis ; foliis radicalibus spathu-

latis, laminis orbicularibus vel oblanceolatis, 3—8 mm. longis, 3—6

mm. latis
;
petiolis angustis (10) 15—30 mm. longis, foliis caulinis

oblanceolatis petiolatis ; racemis elongatis, pedicellis sigmoideis;

siliquis valde stellato-pubescentibus ovato-ellipticis, compressis
submarginatis, 3-4 mm. longis, 2.5-3.0 (3.5) mm. latis; stylis

1.25—1.75 mm. longis.
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Type. Barren calcareous gravel-clay talus at 7200 feet alti-

tude, White Pine Mountains northeast of Hamilton, White Pine

County, Nevada, Ripley Sf Barneby 9295 (New York Botanical

Garden)

.

Additional specimen. Nevada. Elko County: East Humboldt
Mountains [Ruby Range], 10,000 feet altitude, August 1868,

S. Watson 82 (New York Botanical Garden). This specimen bears

the same number as does the type of L. Kingii from the West
Humboldt Range, Pershing County, Nevada, dated June, 1868.

This collection by Ripley and Barneby from east-central

Nevada represents a strongly cinereous biotype with small leaves

and small pods. The elongated branches have resulted from the

plant's being imbedded in loose talus, a not uncommon phenome-
non. These specimens seem to represent a good ecologic and
possibly also a local variety of restricted distribution.

3. Lesquerella occidentals subsp. Cusickii (Jones) stat. nov.

L. Cusickii Jones, Contr. West. Bot. 12: 2. 1908.

Type. White clay hills of Willow Creek, Malheur County,
Oregon, Cusick 2S67

.

Distribution. Calcareous clay, central-eastern Oregon, White
Pine County, Nevada, and Box Elder County, Utah.

3a. Lesquerella occidentalis subsp. Cusickii var. parvifolia

var. nov. Plantae valde cinereae ; foliis spathulatis, laminis

orbicularibus diam. 3-5 mm., petiolis 5—8 mm. longis.

Type. Low calcareous hills, 10 miles south of Majors, White
Pine County, Nevada, 6000 feet altitude, June 17, 1944, Ripley
Barneby 6313 (New York Botanical Garden).
Additional specimens. Nevada. White Pine County; cal-

careous gravel slopes near Shoshone, Ripley Barneby 351^0 (im-
mature) .

Far out of its previously known range, the Nevada popula-
tion of subsp. Cusickii is a symmetrical, conspicuously ash-gray
weak perennial with much smaller leaves than is characteristic for

the more northern plants.

Lesquerella Kingii S. Wats.

Maguire (1942) described a rosette-forming crucifer (from
the high central Utah plateau) with obovate or obcordate and ob-
compressed pods as Lesquerella hemiphysaria. Commenting on the
significant pod form, he wrote : "The striking emarginate condition
obtains nowhere else in the genus." Hardly had that paper been
submitted for publication when Holmgren (no. 829) collected a
lax sprawling plant with decumbent branches and immature but
obcordate pods in Elko County, Nevada. During the season of
1944, likewise in Elko County, Ripley and Barneby (no. 6220)
collected similar but more physarioid plants with essentially
mature obcordate obcompressed pods, and in the following year
they collected a similar plant in northeastern Nevada. In 1945
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Maguire and Holmgren obtained an extensive and diversified

series of seventeen collections extending from east-central Nevada
to Mono County, California, from about 5500 feet to over 12,000

feet altitude.

Plants of high altitudes have more or less compact rosettes and
globose, obcordate pods 2—4 mm. long and 2.5 mm. broad, which
are scarcely to strongly obcompressed. The type collection of

Physaria cordiformis, a species recently proposed by Rollins (1950),
must be placed here, although it is actually intermediate to low
elevation forms.

Plants of intermediate altitudes are lax, forming less compact
rosettes with fewer, longer, sprawling or ascending branches and
larger leaves. The pods are larger, usually more inflated and in

some specimens almost spherical
;
but, characteristically, they are

obovate and more or less obcompressed and obcordate. The type
collection of Lesquerella Kingii belongs here.

Plants of low altitudes, that is of valley benches and floors, are

similar in habit but are often coarser. In this phase the pods reach
maximum size, as much as 5 mm. long and 7 mm. broad, and are

usually obcompressed and obcordate with a broad sinus, but are

sometimes merely obovate. In extreme forms the pods are con-

spicuously obcompressed. Particularly if the specimens collected

are a bit young, the wall of the pods tend to contract on drying,

accentuating the flatness and the external prominence of the

replum ridge.

Plants at one end of the series are altogether lesquerelloid.

Plants at the other end of the series, at low altitudes, are strongly

physarioid, that is with respect to Physaria Geyeri. Thus, the

series connects Lesquerella Kingii with Physaria Geyeri, completely
transcending morphological distinction between these representa-

tives of presumably distinct genera. So compelling was this

transition in its genetic and phyletic implication that the writers

were led to discuss the problem in a paper read before the Boston
meetings of the American Botanical Society (1947), titled "The
Congeneric Aspects of Lesquerella Kingii and Physaria Geyeri/*

Intergradation between Physaria Geyeri and Lesquerella has
long been recognized. Rollins (1950, p. 46) concluded that "the

assumed gap between these genera [Lesquerella and Physaria] has
been completely closed insofar as the morphology of the various

entities involved is concerned. There remains the slender evi-

1 Since this paper was submitted to the editors, Doctor Jakowska has pub-
lished two studies, one of which further discusses the nuclear morphology of
Physaria australis, P. Geyeri, and Lesquerella Forwoodii; and earlier, the other
which describes trichome development and morphology of the same species.

Jakowska, S. The trichomes of Physaria Geyeri, Physaria australis, and
Lesquerella Forwoodii; development and morphology. Bull. Torrey Club 76:
177-195. 1949.

Idem. The resting nucleus in Physaria and Lesquerella. Bull. Torrey
Club 78: 221-226. 1951.
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dence from cytology which is, to say the least, incomplete." In

continuing discussion, Rollins has emphasized the haploid chromo-
some numbers known in Lesquerella to be 5, 6, 8, and 9 (to us,

a most engaging aneuploid series), while in three species of

Physaria the number is 4. In conformity with this pattern, ob-

servations of Doctor Jakowska 1 indicate that the diploid number
for Physaria australis and P. Geyeri is 8, and for Lesquerella For-

woodii, 10.

The somatic chromosomes of Physaria australis are shown by her

to be relatively massive, those of P. Geyeri to be small and ap-

parently structurally similar to those of Lesquerella Forwoodii.

Though there is little evidence, we wonder whether in this group
chromosome morphology may not be more significant than chromo-
some number, and whether 4 may not also be basic in the aneuploid

chromosome series for Lesquerella. If so, it is possible that

Physaria Geyeri (and perhaps also P. oregana) may be generically

allied with Lesquerella, most closely to L. Kingii, and not with
Physaria.

Physaria cordiformis was recently proposed by Rollins (1950)
based on a collection (Alexander Sf Kellogg J+393) from Mineral
County, Nevada, at 9300 feet elevation. The type is a vigorous
annual with numerous profusely flowering and fruiting branches,
definitely lesquerelloid in habit. Rollins described this species as

improbably a perennial, but some plants of the population
certainly persist for more than one growing season. The pods are

obcordate and obcompressed, the largest about 4 mm. long and 5

mm. broad. They are possibly a little past maturity, since the
walls apparently were more inflated but have become partly or
strongly deflated, often leaving a ridge in evidence of the more
rigid replum. The isotype (University of California Herbarium
no. 736089) consists of three specimens. The largest is the most
luxuriant of the type series. It is nearly identical with the type
specimen, except that the pods are not so strongly obcompressed,
but are more conspicuously inflated much as in Lesquerella hemi-
physaria. A comparison of the type of Physaria cordiformis with
the series of plants collected at higher altitudes in the Toiyabe,
Toquima, and Monitor ranges, Nye County, Nevada, and the
White Mountains, Mono County, California, demonstrates that all

are, without doubt, contaxic.

The paratypes of Physaria cordiformis (Holmgren 829 and
Ripley Barneby 6200) are low-altitude plants. They display a
more lax habit, and have larger leaves and larger broader pods,
6 mm. long and 7 mm. wide, strongly flattened, this obviously
accentuated by pressing and drying.

Key to the Varieties of Lesquerella Kingii

Plants lax, few branched; leaves usually broadly
spathulate (sometimes narrowly so in var. neva-
densis)

; pods 3-5 mm. long, 4-6 mm. broad.
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Pods subglobose to obcordate and obcompressed,
inflated, usually not conspicuously compressed,
the sinus narrow; plants of intermediate lati-

tudes 1. L. Kingii
var. Kingii

Pods obcordate to obcompressed, conspicuously
flattened but also somewhat inflated, the sinus
relatively broad; plants of lower altitudes 2. L. Kingii

var. nevadensis
Plants more closely rosette-forming; leaves more

often narrowly spathulate to oblanceolate
;
pods

2-4 mm. long, 2-5 mm. broad, subglobose or
obcordate and obcompressed, the sinus relatively

narrow, or the pod truncate or merely obtuse;
plants of high altitudes 3. L. Kingii

var. cordiformis

1. Lesquerella Kingii var. Kingii. Vesicaria Kingii S. Wats.
Proc. Am. Acad. 23: 251. 1885, as to type.

Type. West Humboldt Mountains, Pershing County, Nevada,
June, 1868, S. Watson 82 (Gray Herbarium; isotype, New York
Botanical Garden).

Distribution. Foothills and slopes, 6500 to 9500 feet altitude,

White Pine and Pershing counties south to Lincoln and Nye
counties, Nevada.

Representative specimens. Nevada. Esmeralda County:
Cherry Creek Pass, Quinn Canyon Range, Maguire Holmgren
25533; pods spheroid to mostly obovate, 3 miles west of Cherry
Creek Summit, Maguire Holmgren 255J/.8. Lander County : King-
ston Canyon, Goodner Henning 195. Nye County : Mohawk Can-
yon, 7500 feet, Toiyabe Range, Maguire Holmgren 254-29; pods
truncate or slightly retuse, Mohawk Canyon, Maguire 8$ Holmgren
25685; pods somewhat flattened contrary to the partition, rounded,
truncate or slightly retuse, Indian Valley, 7000 feet, Maguire
Holmgren 25671; pods truncate to retuse, Stewart Creek, 9500
feet, Maguire Holmgren 25915. Pershing County : West Hum-
boldt Mountains, silicles globose, above Unionville, 6600 feet,

Ripley § Barneby 5620. White Pine County : calcareous gravel,

6 miles north of Ely, Ripley 8? Barneby 6271A.
The collection by Ripley and Barneby (no. 5620) from the type

locality, though immature, helps to fix the identity of the still-less-

mature type (Watson 82). There now remains no reasonable
doubt that the type collection represents the widespread middle-
altitude phase of the species. Indeed, no related species is known
to occur in the area. Lesquerella latifolia (with which L. Kingii

merges in Lincoln County, Nevada) with pods longer than broad,
occurs to the south in the region transitional to the Mohave Desert;
L. Barnebyi, with short obovate non-obcordate pods and different

habit, is known only from White Pine County.

2. Lesquerella Kingii var. nevadensis var. nov. Plantae
annuae vel subperennes ; caulibus prostratis vel procumbentibus

;
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laminis foliorum oblanceolatis vel rhomboideis, aliquando cum
dentibus lateralibus ; siliculis 4-6 (7) mm. latis, 3-5 mm. longis,

obcompressis, obcordatis vel late obovatis, truncatis, aliquantum

inflatis ; sinibus latis
;
stylis 3.0-4.5 (5.0) mm. longis.

Type. Frequent, sandy, gravelly soil, associated with Arte-

misia tridentata, bench 3 miles east of Reese River Range Station,

road to Mohawk Canyon, Toiyabe Range, 6800 feet altitude, Nye
County, Nevada, June 14, 1945, Maguire Sf Holmgren 25418 (New
York Botanical Garden; isotype, Utah State Agricultural College).

Distribution. Foothills and valleys, 5000 to 6800 feet altitude,

Nye County, Nevada to Twin Falls County, Idaho.

Representative specimens. Nevada. Elko County: 30 miles

east of Wells, Train 3665; 55 miles south of Elko, Holmgren 829

(paratype of Physaria cordiformis) ; 10 miles north of Currie,

Ripley Barneby 644& (canescent form)
;
Pequot Range, Ripley

Barneby £611. Eureka County: Lone Mountain 18 miles west of

Eureka, Ripley 8$ Barneby 6220 (paratype of Physaria cordiformis) .

Nye County: Toiyabe National Forest, Maguire Holmgren
25418, 25430, 25474, 25684. Collections by Ripley and Barneby
from 22 miles north of Wells, Elko County, Nevada (6461), and
from 10 miles south of Rogers, Twin Falls, Idaho (6467) are part

of a series connecting var. nevadensis with Physaria Geyeri; but
they are more silimar to typical plants of the latter.

The variable var. nevadensis on the one hand passes freely into

var. Kingii and on the other approaches or even transcends
(through Physaria Geyeri) the line between Lesquerella and Phy-
saria. The varietal epithet was adopted from a name on the label

of Ripley $ Barneby 6220.

3. Lesquerella Kingii var. cordiformis (Rollins) stat. nov.
Physaria cordiformis Rollins, Contr. Gray Herb. 171 : 47. 1950.

Densely rosette-forming with numerous procumbent densely
flowering branches ; basal leaves broadly to narrowly spathulate
or oblanceolate

;
pods obcordate and obcompressed to obovate or

globose, usually inflated, often rounded, 2-4 mm. long, 2-5 mm.
broad; style 3-5 mm. long.

Type. In road, branch of Cat Creek, 9300 feet altitude,

Wassuk Range, Mineral County, Nevada, July 8, 1945, Annie M.
Alexander Sf Louise Kellogg 4393. Gray Herbarium

;
isotype, Uni-

versity of California no. 736089.

Representative specimens. California. Mono County, White
Mountains: Blank Mountain, 10,500 feet, Maguire $ Holmgren
26052; flowers white, Crooked Creek, Maguire § Holmgren 26056,
26124; flowers yellow, 12,000 feet, Maguire $ Holmgren 26084;
Campito Meadow, 10,800 feet, Maguire $ Holmgren 26120.
Nevada, Mineral County: Cat Creek, Wassuk Range, 9300 feet,

Alexander Kellogg 4393 (type of Physaria cordiformis Rollins)
;

Mt. Montgomery Pass, 8600 feet, Train 4006. Nye County : Barley
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Creek, Monitor Range, 9800 feet, Maguire $ Holmgren 25693; Pine
Creek, Toquima Range, 10,000 feet, Maguire Holmgren 25824-

The New York Botanical Garden, New York,
Utah State Agricultural College, Logan.
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AQUATIC PLANTS IN OZETTE LAKE, WASHINGTON

W. C. MUENSCHER

Many of the smaller glacial lakes of the lowlands of western
Washington occupy partly filled depressions with peaty margins
and soft oozy bottoms which do not provide a favorable substrate

for many rooted aquatic plants. Ozette Lake, which lies within
two miles of the Pacific Ocean in the Olympic Peninsula, Clallam
County, differs in that it has a firm sandy or stony bottom and
several shallow bays. The areas which are somewhat protected
from the direct action of the prevailing westerly winds support a

luxuriant aquatic vegetation of both emersed and submersed
species. That the aquatics of Ozette Lake have not been
neglected as much as those of most lakes is attested by the collec-

tions of I. C. Otis, J. W. Thompson, and G. N. Jones, cited by
Jones (1936) in his survey of the Olympic Peninsula flora.

Scheffer and Hotchkiss (1945) have compared the distribution

of fifty-one species of aquatic plants from ten glacial lakes in

western Washington. They list only twenty-two species from
Ozette Lake. All of these except Scirpus validus Vahl were ob-

served in July, 1950. The following species are additions to their

list for Ozette Lake:

*Lycopodium inundatum L. On sandy boggy shore near the

outlet.

Isoetes echinospora Dur. var. Braunii (Dur.) Engelm.
Isoetes Piperi A. A. Eaton.

* Not reported by Jones (1936) from the Olympic Peninsula.
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*Potamogeton amplifolius Tuckerm. In deep water off the

east shore.

*Alisma Plantago-aquatica L.

Glyceria grandis Wats.
Glyceria pauciflora Presl.

Carex Oederi Retz. var. viridula (Michx.) Kiik.

Carex rostrata Stokes var. utriculosa (Boott.) Bailey.

Carex Mertensii Prescott.

Carex Kelloggii Boott.

Carex Cusickii Mack.
Carex limosa L.

Carex Lyngbeii Hornem.
Carex obnupta Bailey.

Carex Piperi Mack.
DULICHIUM ARUNDINACEUM (L.) Britt.

Eleocharis palustris (L.) R. & S.

Eleocharis obtusa (Willd.) Schutt.

Scirpus acutus Muhl. This common emersed species extend-

ing from shore to deep water is probably what has been reported
as S. validus Vahl by Scheffer and Hotchkiss. Along the east

shore extreme specimens were measured which had a height of

sixteen feet.

Lemna minor L.

Spirodela polyrhiza (L.) Schleid.

JUNCUS FILIFORMIS L.

*Iris Pseudacorus L. In shallow water near shore of Garden
Island

;
probably introduced.

*Nymphaea tuberosa Paine. In a shallow bay off the east

shore of Garden Island
;
probably introduced.

Ranunculus reptans L. var. ovalis (Bigel.) T. & G.
SUBULARIA AQUATICA L.

Potentilla pacifica Howell.
POTENTILLA PALUSTRIS Scop.
Myriophyllum exalbescens Fern.
LlLAEOPSIS OCCIDENTALIS C. & R.
Oenanthe sarmentosa Presl.

Veronica scutellata L.

Veronica Americana Schwein.
*Utricularia intermedia Hayne. Intermingled with U. vul-

garis among Menyanthes trifoliata in shallow water, Swan Bay.
Lobelia Dortmanna L. In shallow water the flowering stems

of this plant grow spirally coiled about the stems of Equisetum
limosum; probably due to wind action.

*Bidens Beckii L. Submerged in four to five feet of water.

Not all of these plants are known to be a source of food for
waterfowl, but many of them are eaten by waterfowl and have
been among those plants so reported from other lakes of the
Pacific Northwest (Scheffer and Hotchkiss, 1945). It is believed
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that the additional species here reported must be considered if

the plant-food resources for waterfowl available in Ozette Lake
are to be accurately evaluated. Its strategic location, as the most
westerly freshwater lake in continental United States, certainly is

not overlooked entirely by migrating waterfowl. If the value of

Ozette Lake is recognized and the removal of the adjacent con-

iferous forest, which is likely to take place in the next decade or

so, is properly managed, the plant-food potentialities may be ex-

pected to increase. On the other hand, if the forest-removal op-

erations are carried on under conditions which permit excessive

silting or accumulation of quantities of bark and waste wood in

the lake then many of the shallow areas supporting aquatic plants

may become unproductive.
Department of Botany,

Cornell University,

Ithaca, New York
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A NEW HAPLOPAPPUS FROM NEW MEXICO

Arthur Cronquist

Haplopappus microcephalus sp. nov. Planta perennis, glabra

vel subglabra, ut videtur suffrutescens, caulibus pluribus ad 5 cm.
altis, foliis firmis oblanceolatis trinervatis integris vel subintegris,

imis oblanceolatis 2—4 cm. longis 2—3.5 mm. latis, caulinis similibus

sed minoribus
;
capitula plura in inflorescentia corymbiformi, in-

volucris 6—8 mm. altis turbinato-obconicis, bracteis imbricatis

plurimis caudato-attenuatis, radiis flavis inconspicuis 2.5—3.0 mm.
longis ca. 9—12, corollis disci fertilibus 4.3—4.7 mm. longis ca. 7—14,

appendicibus styli anguste lanceolato-triangularibus, setis pappi
ca. 30 inaequalibus albidis.

Perennial, glabrous or nearly so, apparently mat-forming and
suffrutescent as in H. acaulis; stems several, about 5 cm. tall ; basal

leaves numerous, firm, 2—4 cm. long, 2-3.5 mm. wide, oblanceolate,

acute, subpetiolate, entire or with an occasional small tooth, 3-

nerved, the nerves resinous above ; cauline leaves several, similar

but somewhat smaller; heads several or rather many (up to 30 or

more) in a condensed, rather flat-topped, corymbiform inflores-

cence ; involucre 6—8 mm. high, turbinate-obconic, its firm, charta-

ceous bracts imbricate in several series, the outer gradually cau-

date-attenuate, the middle ones abruptly so, the innermost merely
sharp-pointed; rays inconspicuous, yellow, about 2.5—3.0 mm. long
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(counted as 9, 10, and 12 on three heads) ,
fertile; disk-corollas

yellow, about 4.3—4.7 mm. long, with short lobes, fertile, counted

on three heads as 7, 13, and 14; style-appendages about 0.8 mm.
long, narrowly lance-triangular, twice as long as the stigmatic

portion of the branches; pappus of about 30 markedly unequal

white bristles.

Type. Crevices of granite rocks in open yellow pine forest,

altitude 8200 feet, Tres Piedras, Taos County, New Mexico, July

8, 1950, Ripley and Barneby 10316; just coming into bloom (State

College of Washington Herbarium No. 155825).
The affinities of this species are obscure. Haplopappus micro-

cephalus bears a strong habital resemblance to Petradoria, but the

heads are obviously quite different, and it lacks the technical

characters by which that closely allied genus is distinguished from
Haplopappus (vertically aligned phyllaries, sterile disk-flowers).

There is also some resemblance, both habitally and technically,

to H. acaulis, but that species, as well as the whole section to which
it belongs, has solitary, much more numerously flowered heads.

In Hall's monograph, H. microcephalics would key to the section

Hesperodoria, and it might indeed be possible to see a distant re-

lationship with H. scopulorum of that section, but the obtuse phyl-
laries, discoid heads, and definitely shrubby habit of that species

preclude the assumption of any close relationship. I know of no
other possible close allies of the new species, which is here con-
fidently proposed.

State College of Washington,
Pullman, Washington

REVIEW
Maize in the Great Herbals. By John J. Finan with a foreword

by Edgar Anderson. Chronica Botanica Co., Waltham, Mass.
xvi+ 149-191 pp. $3.00 (San Francisco dealer: J. W. Stacey,
Inc.)

This work, first published in the Annals of the Missouri Botan-
ical Garden (35: 149-191, 1948)., has now been reprinted in a
handsomely-bound limited edition with a foreword by Edgar
Anderson. By bringing together in a compact form the many
scattered references to maize in the writings of the early ex-
plorers and the herbalists, Mr. Finan has performed an invaluable
service to those interested in maize itself as well as to those in-

terested in the history and origin of crop plants. It is fortunate
that one of the very few large collections of herbals in this
country is located at a center of active research in maize, the
Missouri Botanical Garden. Due to this happy circumstance
and to the cooperation of experts in modern and classic languages
and in art history, Mr. Finan has produced a critical and well
annotated account of the early history of maize.
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The first section is an account of maize in America in the

period just after the conquest, pieced together from many, but

by no means all, of the accounts of the early explorers. While
there is a surprisingly large amount of material available on the

importance and uses of maize in Indian economy, there is a

curious lack of information on the different forms and varieties

grown throughout North and South America. On the other

hand, the herbalists gave detailed descriptions of the plant sup-

plemented by woodcuts, from which it is possible to obtain a fair

idea of the varieties grown in Europe subsequent to the conquest.

However, in spite of its novelty, maize was first described in the

herbal of Bock (1539), some forty years after the discovery of

the New World and its possible introduction into Europe.
Furthermore, it was not until thirty years later that its American
origin was recognized by the herbalists. As in the case of so

many American plants of the time, its place of origin was thought
to be India or Turkey.

By a careful study of the texts and particularly of the illustra-

tions, Finan has discovered that the maize plants described by the

early herbalists resemble northern flint varieties, which are now
found in Eastern North America. Lobelius (1576) was the first

to describe a second type with numerous prop roots at the lower
nodes. He called this second type Indian corn to distinguish it

from the earlier-described Turkish-Corn, which did not have the

conspicuous prop roots. Tropical varieties characteristically de-

velop such prop roots when moved to high latitudes. Thus, the

second variety could very well have come from tropical America.
However, the origin of the first type still remains a puzzle. The
herbalists considered it to be of oriental origin. Finan suggests
two possibilities : first, it may have been introduced into Europe
from eastern North America by early English or still earlier Norse
explorers, or secondly, it may have been a Caribbean variety that

does not develop the characteristic prop roots. As yet no such
Caribbean variety has been discovered. Thus another puzzle has
been added to the many already existing concerning the origin and
distribution of this important food crop.

The value of this volume is considerably enhanced by tables

of names, places of origin and kernel colors recorded in the herb-
als. In particular, there is an extended discussion of the wood-
cuts used as illustrations together with a table showing which are

originals and which are copies. James A. Jenkins, Division of

Genetics, University of California, Berkeley.



MADRONO
A West American Journal of Botany

A quarterly journal devoted to important

and stimulating articles dealing with

plant morphology, physiology, taxonomy,

and botanical history. These volumes

should be a part of every botanist's li-

brary and should be made accessible to

students of all universities and colleges.

Volume I, 19164929. . .$5.00

Volume II, 19304934 . . 5.00

Volume III, 19354936 . 5.00

Volume IV, 19374938 . 5.00

Volume V, 19394940 . . 5.00

Volume VI, 19414942 . 5.00

Volume VII, 19434944 . 5.00

Volume VIII, 19454946 . 5.00

Volume IX, 19474948 . 6.00

Volume X, 19494950 . . 7.00

Single numbers 1.00

The subscription price of MADRONO
is $4*00 per year. We solicit your pat-

ronage.

Address all orders to:

Richard W. Holm, Bus. Mgr.

Natural History Museum,
Stanford University, California



Business Press, Inc.

Lancaster, Pa.



VOLUME XI NUMBER 5

MADRONO
A WEST AMERICAN JOURNAL OF

BOTANY

Contents

The Third Locality for Cupressus Abramsiana Wolf,
Calvin McMillan 189

Bacterial Leaf Spot of Umbellularia californica,
John M. Harvey 195

HOWELLANTHUS, A NEW SUBGENUS OF PHACELIA,
Lincoln Constance 198

Genetic Variation in Andropogon, John F. Davidson and
Paul F. Romberg 203

A New Bacopa From California, Herbert L. Mason 206

Bryophytes of Chetco River Redwood State Park, Oregon,
Leo Francis Koch 209

Reviews: Donald Alexander Johansen, Plant Embryology
(Marion S. Cave) ; Gilbert M. Smith, Manual of
Phycology. An Introduction to the Algae and Their
Biology (Paul C. Silva) 214



MADRONO
A WEST AMERICAN JOURNAL OF BOTANY

Board of Editors

Herbert L. Mason, University of California, Berkeley, Chairman.

Edgar Anderson, Missouri Botanical Garden, St. Louis.

Lyman Benson, Pomona College, Claremont, California.

Herbert F. Copeland, Sacramento College, Sacramento, California.

John F. Davidson, Department of Botany, University of Nebraska,
Lincoln.

Ivan M. Johnston, Arnold Arboretum, Jamaica Plain, Massachusetts.

Mildred E. Mathias, Department of Botany, University of California,

Los Angeles 24.

Marion Ownbey, State College of Washington, Pullman.

Ira L. Wiggins, Natural History Museum, Stanford University, Stan-
ford, California.

Secretary, Editorial Board

—

Annetta Carter
Department of Botany, University of California, Berkeley

Business Manager and Treasurer

—

Richard W. Holm
440 South 11th Street, Lincoln, Nebraska

or

Natural History Museum, Stanford University, Stanford, California.

Assistant Business Manager

—

John F. Davidson
Department of Botany, University of Nebraska, Lincoln, Nebraska.

Entered as second-class matter January 29, 1952, at the post office

at Lincoln, Nebraska, under the act of March 3, 1879.

Established 1916. Published quarterly. Subscription price $4.00 per
year. Completed volumes I to VIII, $5.00 each; volume IX, $6.00;

volume X, $7.00; single numbers, $1.00.

Published at 440 South 11th Street, Lincoln, Nebraska

for the

CALIFORNIA BOTANICAL SOCIETY, INC.

President: George F. Papenfuss, University of California, Berkeley,
California. First Vice-President: Lyman Benson, Pomona College,
Claremont, California. Second Vice-President: Annetta Carter, Uni-
versity of California, Berkeley, California. Secretary: Phyllis G.
McMillan, Department of Botany, University of California, Berkeley,
California. Treasurer: Richard W. Holm, Natural History Museum,
Stanford University, Stanford, California.

Annual membership dues of the California Botanical Society are
$4.00, which includes a year's subscription to Madrono. For two mem-
bers of the same family the dues are $5.00, which includes one copy
of Madrono, and all other privileges for both. Dues should be remitted
to the Treasurer. General correspondence, changes of address, and
applications for membership should be addressed to the Secretary.



1952] McMillan : cupressus 189

THE THIRD LOCALITY FOR CUPRESSUS
ABRAMSIANA WOLF

Calvin McMillan

At the time of publication of The New World Cypresses

(1948), C. B. Wolf had been unable to locate the area where
cypresses were reportedly growing on Butano Ridge in San
Mateo County, California. A record of their presence in that

region was found in the Dudley Herbarium, the specimens
having been first collected by Professor W. R. Dudley, and
it was with hesitance that Wolf referred the trees in this

third locality to his newly named species, Cupressus Abram-
siana, which included trees from the Bonny Doon and Eagle
Rock areas of Santa Cruz County. Subsequently this re-

ported population has been the object of many searches

on the Butano Ridge. Several years ago H. A. Dutton of

Los Altos was taken to the cypress locality by James Allen,

Deputy Fire Warden of San Mateo County, and it was
through their assistance and in their company that the

locality was revisited on September 1, 1951. Herbarium
material, as well as a large collection of cones, was obtained
from Butano Ridge for comparison with material from the

other two populations which were revisited on the same
date.

The Butano Ridge cypress area is easily reached from
the old lumber road along the crest of the ridge. The point

of descent from the ridge road is 3.2 miles from the locked
gate at the entrance to the Locatelli Mill, north of Big Basin.

By travelling about one-half mile on the surfaced road lead-

ing into the mill and then turning onto the dirt road along
the ridge and following it for 2.7 miles, an old lumber trail

is encountered which sharply descends the Butano Creek
side of the ridge. A trek of approximately one-quarter mile
down the slope leads directly into the cypress area, which
probably includes the common corner of sections 11, 12, 13,

and 14, of Township 8 South, Range 4 West, Mount Diablo
Base and Meridian, Santa Cruz quadrangle.

The stand of cypresses is approximately eight to ten
acres in area containing as a rough estimate five thousand
trees. Some of the larger cypresses are sixty to seventy-five
feet in height with the average being possibly twenty to

thirty feet. The entire cypress population is visible from a

portion of exposed sandstone in the area and was found to be
surrounded on all sides by a taller forest composed princi-

pally of Sequoia sempervirens (Lamb.) Endl., Pseudotsuga
taxifolia (Lamb.) Britt, and Arbutus Menziesii Pursh.
Within the cypress area, no other trees were found, but of the
shrubs, Adenostoma fasciculatum H. & A. was the most

Madrono, Vol. 11, No. 4, pp. 153-188. October 19, 1951.
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abundant. Sphacele calycina Benth., Eriodictyon California
cum (H. & A.) Greene and Arctostaphylos tomentosa
(Pursh) Lindl. were other common shrubs of the cypress
area.

The cause for the restriction of the cypress to this locality
is possibly in part edaphic. The soil is extremely shallow and
in many places the sandstone bedrock was exposed or could
be exposed by the removal of a few inches of soil. The
sharply sloping hillside precludes any great aggregation of
soil which might favor the growth of the taller forest. The
common occurrence of sandstone exposures along Butano
Ridge, however, reveals little reason for the restriction of

cypress to one isolated area.

The three populations included in C. Abramsiana by Wolf
were formerly treated as C. Sargentii after Jepson (1909)
separated that taxon from C. Goveniana Gord. Wolf consid-

ered C. Abramsiana to be intermediate between C. Sargentii
and C. Goveniana. He pointed out that it did not have the
dusty-green foliage of C. Sargentii, but did have the glaucous
seeds of that species. A closer relationship seemed to be with
C. Goveniana, which it resembled in having light green
foliage. Wolf admitted that no outstanding characters sepa-
rated C. Abramsiana from the other two species, but decided
that if C. Sargentii and C. Goveniana were to be maintained
as distinct, the intermediate should be treated as a co-

ordinate species.

The isolation of the three populations of C. Abramsiana
from one another is sufficient to preclude any free inter-

change of genie material, and it is not surprising then to find

variation from one population to another. The northern
population at Butano Ridge is approximately eight miles
north of the Eagle Rock locality, while the Bonny Doon
population is seven miles south of Eagle Rock. The possi-

bility of intervening populations or isolated trees along this

15 mile span cannot be dismissed, for owing to the rugged-
ness of the terrain, the Santa Cruz Mountains are still not
completely known floristically.

A striking difference among the populations is to be
found in the size of the female cone. Those of the northern
population at Butano Ridge are the largest, those at Eagle
Rock are intermediate and those at Bonny Doon are the

smallest (fig. 1). Variation exists within each population
as might be expected. One hundred cones selected from a

random collection of each population were measured. The
average length of the Butano Ridge population was 28 mm.,
that of the Eagle Rock population was 24 mm., while that of

the Bonny Doon population measured 21 mm. The average
cone of each population was slightly elongated. The number
of cone-scales of the Butano Ridge population was the most
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Bonny Doon Eaqle Rock Butano Ridqe

Fig. 1. A random selection of cones from the three populations
of Cupressus Abramsiana Wolf.

variable, but cones composed of 10 and 12 scales were com-
mon, the average being represented by the figure 10.4. The
Bonny Doon and Eagle Rock populations were predomi-
nantly of 8-scaled cones, although the average number for

the hundred cones was found to be 8.5 and 8.7 respectively.

None of the populations regularly produces cones as small
as those of C. Goveniana, which are from 10 to 15 mm. long
and nearly globose. The mature cones of the many disjunct
populations of C. Sargentii, however, are extremely variable,

the extremes in length measuring 15 and 30 mm. The Boot-
jack, Mount Tamalpais population of C. Sargentii in Marin
County is characterized by rather large cones, but none
exceeds 30 mm. in length and the majority measure between
20 and 30 mm. The number of cone-scales is usually from
6 to 8 in both C. Goveniana and C. Sargentii.

The type specimen of C. Abramsiana from Bonny Doon
is reported by Wolf to have very glaucous seeds. Approxi-
mately half of the cones from Bonny Doon yielded glaucous
seeds, but at the Eagle Rock and Butano Ridge areas very
few produce even slightly glaucous seeds. The seeds of all
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three populations vary from light to dark brown. Seed-size
seems to be correlated with the size of the cones, the small-
est, of which the average length was 4 mm., being from the
Bonny Doon area and the largest, being from Butano Ridge
with the average measuring 4.5 mm. In contrast, seeds pro-
duced by C. Goveniana are non-glaucous, dark brown to dull
black, and mostly 3 mm. in length, while C. Sargentii regu-
larly produces glaucous seeds which are dark brown and
vary in length from 4 to 5 mm.

As has been indicated, the foliage of C. Sargentii is a
dusty-green, while that of C. Goveniana is a light green.
In regard to color, the foliage of the three populations of
C. Abramsiana is more similar to that of C. Goveniana. While
the Bonny Doon area has many smaller trees, of a yellow
green color, growing on sandstone exposures, many of the
larger trees have dark green foliage. In contrast to the rather
coarse foliage of the cypresses in the Bonny Doon area,

those of Butano Ridge have foliage which is characteristi-

cally much finer. In its type of foliage, the Eagle Rock popu-
lation more closely resembles that of Butano Ridge.

In addition to morphological differences, a distinct dif-

ference of habitat characterizes C. Sargentii, C. Abramsiana
and C. Goveniana. Cnpressus Sargentii is known only from
serpentine areas distributed in the coast ranges from north-
ern Mendocino County to Santa Barbara County. In its

widely disjunct pattern of distribution, it resembles many
other serpentine-restricted species. In contrast, C. Goveniana
is known from only two small disjunct populations in Mon-
terey County, where it occurs on a sandy podsolic soil on
Huckleberry Hill and on a sandy outcropping near San Jose
Creek behind Point Lobos.

[ As treated by Abrams (1923),

and by McMinn (1935, 1939) , C. Goveniana includes, in addi-

tion to the Monterey populations, those Mendocino County
populations which are considered here to be C. pygmaea
(Lemm.) Sarg.] Cupressus Abramsiana is restricted to soils

which are principally derived from sandstone. In a discus-

sion of the distributional patterns of members of the genus
Cupressus, Mason (1946) noted a suggestion of a relation-

ship with edaphic conditions. He was led to conclude that

speciation in the genus has been rather closely ,related to

edaphic patterns of environmental restriction. The Bonny
Doon population of C. Abramsiana is found to be growing
with Pinus attenuata Lemm. and two narrowly-restricted

species of Arctostaphylos, A. sensitiva Jepson, which is con-

fined to dry mountain slopes of the Santa Cruz Mountains
and of southern Marin County, and A. silvicola Jeps. and
Wies., which is confined to sand deposits in the Mount
Hermon region of the Santa Cruz Mountains. Some of the

largest cypresses at Bonny Doon occur in the deeper sandy
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soils with Pinus ponderosa Dougl. At Eagle Rock, some Pinus
attenuata is growing on the crest of the ridge, but over most
of the cypress area, it is absent. A dense brush cover com-
posed of Adenostoma fasciculatum H. &. A., Ceanothus
cuneatus (Hook.) Nutt, Photinia arbutifolia Lindl. and
Pickeringia montana Nutt. is the main associated vegetation.

As has been indicated, the Butano Ridge cypresses are found
principally with Adenostoma fasciculatum, and although
Pinus attenuata is frequent along Butano Ridge, none was
found growing within the cypress area. The distributional

patterns might suggest that the cypress and pine are growing
together at Bonny Doon because they each have different

requirements of the environment and that only the cypress
requirements are fulfilled at Butano Ridge. On the other

hand, a suggestion that a different physiological tolerance

characterizes each population of cypress seems worthy of

consideration. From studies in progress, it would seem that

the premise of different requirements by pines and by cy-

presses at Bonny Doon is well substantiated. And it seems
not at all unlikely that physiological differences character-

ize the three populations of cypress as much as morpho-
logical ones. Pinus attenuata is one of the Californian plants

which would be considered "bodenwag" in that it is not
restricted to one soil type but is found on serpentine as well
as other soils, and its presence therefore with C* Sargentii

in some areas of Napa and Lake counties is not unexpected.
However, whether P. attenuata be differentiated into races

tolerant and intolerant of serpentine soils, as has been
recently demonstrated by Kruckeberg (1951) for certain

herbaceous bodenwag species which occur on serpentine
soils, is yet to be ascertained. At any rate, C. Sargentii is

found with P. attenuata but is more commonly to be found
in areas with P. Sabiniana Dougl. As might be expected of a

species widely disjunct in its distribution, C. Sargentii is

found growing with different plants in northern Mendocino
County from those in Santa Barbara County, but is found
commonly with the shrubby species which characterize the
Eagle Rock and Butano Ridge areas of C. Abramsiana. Cu-
pressus Goveniana occurs in areas of greater rainfall than
does C. Sargentii and C. Abramsiana, and is found on
Huckleberry Hill, with one of the disjunct populations of

Pinus muricata. Here also, a few large cypresses grow with
Pinus radiata Don, but the greatest concentration of cy-
presses are dwarfed and confined to a limited area with
a low growth of P. muricata, Arctostaphylos Hookeri Don,
and Arctostaphylos tomentosa (Pursh) Lindl. The species
composition of both the Huckleberry Hill and San Jose
Creek cypress stands bears little similarity to that found in
the C. Abramsiana and C. Sargentii areas.
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In an attempt to explain the characteristics of C, Abram-
siana which are, in some respects, intermediate between
C. Sargentii and C. Goveniana, an origin resulting from
hybridization of those two species might by hypothesized.
The Santa Cruz Mountains, where C. Abramsiana is re-

stricted, lie equidistant from C. Goveniana localities of

Monterey County to the south, from the C. Sargentii locality

of Mount Tamalpais, Marin County, to the north, and from
the C. Sargentii locality of Cedar Mountain, Alameda
County, to the east. The distance in each instance is approxi-
mately 50 miles, a separation which removes a reasonable
possibility of gene exchange at the present time. However,
the fossil record indicates that Cupressus has grown in many
places along the coast of California where it is now absent
from the existing flora. Pleistocene fragments and cones
which are similar to present C. Goveniana have been re-

ferred to that species by Chaney and Mason (1930) ,
largely

by reason of their being found with cones of P. muricata,
a species with which C. Goveniana occurs today. The exist-

ence of colonies of C. Goveniana and C. Sargentii in mutual
proximity during the Pleistocene would have facilitated

hybridization, while subsequent isolation with biotype de-

pletion (Stebbins, 1942) acting to confine the species, would
have allowed for sufficient divergence of C. Abramsiana
from either species. As it is understood at the present time,

C. Abramsiana may be regarded as a discrete but highly
variable entity. Its relationship is certainly not so close to

C. Goveniana as is that of C. pygmaea and yet there are

decided morphological and ecological differences which
oblige the separation of C. Abramsiana from C. Sargentii,

Department of Botany,
University of California, Berkeley.
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BACTERIAL LEAF SPOT OF UMBELLULARIA
CALIFORNICA 1

John M. Harvey2

Diseased leaves were collected from a California laurel

tree, Umbellularia californica Nuttall, located on the west
slope of the Berkeley hills just east of the University of

California campus. Plants growing in this area are subjected
to relatively high moisture conditions due to the coastal fogs
which prevail through several months of the year. Leaves
of 17. californica were also collected extensively in other
coastal areas of California from Santa Cruz to Mendocino
counties. The disease under discussion, however, was found
only on trees in the Berkeley area.

Symptoms
Black, angular leaf spots, delimited more or less by the

small veinlets in the leaves, are the symptoms of this disease

(fig. 1). In old infections the central part of the spot dies

and the area around the periphery of the spot often yellows.
Necrotic spots often contain swollen portions which, when
pierced by a dissecting needle, yield a white bacterial ooze.

The disease appears to be associated with wounds since it is

often found in nature on leaves which have been scratched
due to wind movement; in artificial inoculations only occa-

sional infections were induced on unwounded leaves. When
the leaves are extensively wounded and inoculated, infec-

tion is very severe, the spots become confluent and eventu-
ally the whole leaf is killed.

Isolation of the Causal Agent and
Inoculation of the Host

The diseased areas of leaves were cut out and surface
sterilized by dipping in 95 per cent ethyl alcohol for one
second, after which they Were placed in a 1-1000 solution of

mercuric chloride for one minute according to the method
outlined by Elliott (1920). The diseased portions of leaves
were then washed successively in ten sterile water blanks
and placed in a dry, sterile petri dish to drain. Sterile instru-

ments were used to cut out and place the individual dis-

eased spots of the leaf on potato dextrose agar plates.

After forty-eight hours of culturing bacteria grew out
onto the medium from the leaf sections thus prepared.

1 A revision of a section of a thesis submitted to the Graduate
Division of the University of California at Berkeley in partial
fulfillment of the requirements for the degree of Doctor of Phi-
losophy.

2 The author wishes to acknowledge his indebtedness to Dr. H. N.
Hansen and other members of the Division of Plant Pathology for
counsel and advice in this work.
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Fig. 1. Infected leaves of Umbellularia californica after artificial

inoculation with Pseudomonas lauracearum.

A small amount of this inoculum was transferred to a sterile

water blank and from this bacterial suspension streaks were
made on potato dextrose plates. Streaks made from the
resultant colonies produced pure cultures of the pathogen
which were maintained on potato dextrose slants.

The work of Johnson (1947) suggests the value of pre-

disposing plants to infection by means of water congestion.
Accordingly, one year-old potted seedlings of U. californica

were placed in a moist chamber out of doors in Berkeley,
California, for forty-eight hours. Such a moist environment
is often approximated in the foggy area where the disease

was observed.
Two leaves on each seedling were then wounded by

puncturing with a dissecting needle, two by scratching with
a dissecting needle and the remainder were left unwounded.
These seedlings were sprayed with a suspension of the bac-
terium isolated from diseased U. californica leaves and were
returned to the moist chamber for an additional seventy-two
hours. Thereupon the plants were removed and placed in

a shaded location out of doors. Seven days after inoculation,

black spots were visible on the punctured and scratched
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leaves and on the latter the spots soon became confluent,

the infection spreading over the whole leaf. Immature leaves

did not become infected indicating that entrance of the

pathogen is probably not through the stomata. Infection

occurred rarely on unwounded leaves. However, in a few
of the older, unwounded leaves, lesions occasionally appeared
near the tips and lateral margins, pointing to the possible

entry of bacteria through hydathodes.
The bacterium was reisolated from these artificially

induced lesions by the same method as used for the original

isolation. Subsequent inoculations made with this reisolate

produced typical symptoms.
Seedlings of orange (Citrus sinensis Osbeck) , Pinto bean

(Phaseolus vulgaris L.) and avocado (Persea drymifolia
Cham. & Schlecht.) were inoculated in the same manner as

were the Umbellularia californica seedlings. Avocado was
the only one of these plants that became infected. Umbellu-
laria and avocado are in the same family, Lauraceae.

In the avocado, infection occurred at various places on
the leaf and appeared to be through the stomata, rather than
following wounding. The spots were somewhat smaller and
less angular than on U. californica. Reisolation of the organ
ism from the avocado spots yielded the same organism with
which the plant was originally inoculated.

Since the leaves of U. californica remain on the tree for

several years, the pathogen is probably held over from
season to season in infected leaves. The life cycle of this

organism, therefore, appears to be relatively simple, the
bacterium passing from old infected leaves to younger ones,

dissemination probably being by rain, and penetration being
chiefly through wounds caused by wind action or insects.

Classification

This organism appears to differ in a number of ways
from bacterial organisms previously described and it does
not key out to any known species of the Schizomycetes as

listed in Bergey's Manual (1948). The organism isolated

from V. californica is, therefore, proposed as a new species:

Pseudomonas lauraceanim sp. nov. A motile rod with
rounded ends and polar flagella; single, in pairs, or chains;

average measurement 1.8 — 6.4 X 0.7 — 0.8 microns; non
spore forming; aerobic; Gram-negative, non-acid-fast. On
potato dextrose agar colonies white, butyrous, granular, flat,

irregular in shape with lobate margins and opalescent luster;

on beef peptone agar growth filiform, colonies cream colored,

medium unchanged; liquification of gelatin slow and of the
stratiform type; white pellicle formed on nutrient broth and
on potato dextrose broth; no growth in Cohn's solution nor
on Fermi's medium, but moderate growth in Uschinsk's
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solution; growth retarded on culture medium containing
2V2 per cent sodium chloride, no growth on culture medium
containing 5 per cent sodium chloride; vitality on most cul-

ture media short. Acid, but no gas produced with glucose,
sucrose, d-mannose, d-galactose and d-mannitol; no acid or
gas produced with fructose, lactose, and dextrin. Starch not
hydrolized, indol and hydrogen sulphide not produced; ni-

trates reduced to nitrites and nitrites to ammonia. Maximum
temperature for growth 31° C, minimum 7° C. and optimum
22° C. Maximum pH for growth 9.2, minimum 5.4 and opti-

mum 6.03. Pathogenic on Umbellularia californica Nutt.
causing angular leaf spots; also pathogenic on leaves of avo-
cado, Persea drymifolia Cham, and Schlecht. following
inoculation. Specific name refers to the fact that both host
plants belong to the family Lauraceae. Culture deposited
with the American Type Culture Collection.

United States Horticultural Field Station
Bureau of Plant Industry, U.S.D.A.

Fresno, California
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HOWELLANTHUS, A NEW SUBGENUS OF PHACELIA

Lincoln Constance

Phacelia Dalesiana J. T. Howell, published (1937) under
the title, "A Remarkable New Phacelia," fully lives up to

the descriptive adjective. Although the author referred this

northern California species to section Euphacelia "on char-

acters of flowers and ovules," it was clear to him at the time
that it was unique in many respects, and he has assured me
that only its apparent similarity to "some otherwise entirely

unrelated Mexican species" prevented him from describing
it as a monotypic new genus. The possession of true inter-

staminal corolla scales and paired ovules afford it technical

admission to Euphacelia, but it comprises a markedly dis-

cordant element in that section.

The writer's recent study of the subgenus Cosmanthus
(1949) has provided data to permit comparison with the

Mexican species mentioned above, and the cytological data
accumulated by Cave and Constance (1942, 1944, 1947, 1950)

afford a basis for contrasting Phacelia Dalesiana with other
species and genera of Hydrophyllaceae in respect to chromo-
some number.

1
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The following review of characters roughly parallels

that employed for the species of Cosmanthus.
Habit. The habit of Phacelia Dalesiana (fig. 1, a), a deep-

rooted, acaulescent perennial herb arising from a more or

less definite basal rosette of entire leaves, superficially

resembles that of the Mexican P. (Cosmanthus) platycarpa
and the genera Hesperochiron and Tricardia. No other west-
ern American Phacelia bears any close resemblance in this

respect. Depressed forms of the P. magellanica complex may
have both the acaulescent habit and the basal rosette of

entire leaves, but in these the inflorescence is congested-
scorpioid and the leaves are unmistakably characteristic of

this rather discrete group. Some annual species of Phacelia
share the entire basal leaves, but the habital distinction

remains striking.

Inflorescence. The few-flowered, lax inflorescence

(fig. 1, a) is a little reminiscent of such annual species as

P. Eisenii, P. orogenes, P. Pringlei, and P. racemosa, which
also have deeply parted styles, as does P. Dalesiana.

Glands and Corolla Scales. Cosmanthus is unique
within Phacelia by its possession of a flap-bordered gland
proximal to each corolla lobe, and there are no corolla scales

present. Phacelia Dalesiana, on the other hand, is entirely

devoid of these glands on the corolla, but has extremely
well developed interstaminal scales (fig. 1, b) . This species
thus differs from Cosmanthus in the single morphological
character peculiar to and distinctive of that subgenus. True
interstaminal scales are, however, found in most species
comprising sections Eutoca, Euphacelia, and Euglypta.

Pubescence. Phacelia Dalesiana is more or less hirsutu-
lous and slightly viscid, with an indument suggestive of that
of P. (Cosmanthus) dubia, and the stamens are entirely
glabrous. Neither of these conditions, however, is particu-
larly distinctive in the genus as a whole.

, Ovules and Seeds. Howell has emphasized the unique
feature of the pendent attachment of the ovules at the sum-
mit of the placental ridges, and the production of a single
pair of ovules by each placenta. Paired pendent ovules occur
also in the monotypic genus Draperia. Geminate ovules are
characteristic not only of section Euphacelia, but also of such
species of Cosmanthus as P. bipinnatifida, P. fimbriata, P.
Purshii, and P. ranunculacea. The numerical situation, alone,
is probably an unreliable clue to affinity, inasmuch as ten-
dencies toward reduction in the number of ovules appear
to be very widespread among the angiosperms. It may sug-
gest, however, that Phacelia Dalesiana is not necessarily
particularly primitive.

Chromosome Number. The chromosome number of P. Da-
lesiana is n= 8 (fig. 1, e), a number known to be shared by
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three annual species, P. glabra (Cosmanthus) , and by P.

marcescens and P. Quickii (Euphacelia fide Howell, 1943).

Of greater interest, perhaps, is the fact that both species of
Hesperochiron (H. californicus and H. pumilus) likewise
possess eight pairs of chromosomes. (The chromosome num-
ber of Draperia is n = 9; that of Tricardia has not been ascer-

tained.) Although chromosome numbers thus far reported
in Phacelia range from n = 5 to n = 24, the other perennial
species of known cytology show only 9 (Cosmanthus), 10

(one species of Euphacelia), 11 (Eutoca and Euphacelia),
and 22 tetraploid forms of Euphacelia).

Geographical Distribution. Phacelia Dalesiana is known
to occur only within a very small area— straddling the
Siskiyou-Trinity County line in California— on the upper
slopes of Scott Mountain in the Trinity Mountains area. This
ridge is part of a tangled mass of ranges which contribute
to the topographic confusion of the Klamath-Siskiyou region,

an area where remarkable species of restricted occurrence
are especially abundant. Other species of the genus on Scott
Mountain are P. mutabilis, chiefly in coniferous woods;
P. Pringlei, in wet places, especially on or near serpentine;

and P. Greenei and P. corymbosa, largely on drier serpen-
tine or altered rock. In addition, Hydrophyllum occidentale

grows with Phacelia Dalesiana in rather open, sandy, min-
eralized soil; Hesperochiron californicus is abundant in moist
situations near at hand; and Draperia systyla, which occurs
in woods in the same general area, may very probably be
found on the same mountain.

On the basis of its acaulescent, perennial habit, entire

leaves, scarcely scorpioid cymes, interstaminal scales, deeply
parted style, pendent paired ovules, and its chromosome
number, it is evident that Phacelia Dalesiana combines fea-

tures common to various other members of the genus, but
is not itself referable to any described subgenus or section.

The hypothesis of close relationship of this species to any
particular species-group would have to depend upon empha-
sizing a few salient similarities and ignoring striking dis-

crepancies. Certainly no other known perennial species is at

all comparable with P. Dalesiana; of the annuals, those
sharing the inflorescence character differ in other important
features, including chromosome complement, and appear
to have no real relationship here. Thus, within Phacelia, the
affinities of P. Dalesiana seem to be obscure, but there is also

a lack of decisive characters to justify removing the species
from the genus. All these considerations appear to recom-
mend retention of P. Dalesiana within Phacelia, but as a dis-

tinct subgenus coordinate with Cosmanthus.
Phacelia subgenus Howellanthus subgen. nov. Herbae

perennes humiles pubescentes ex rosulis foliorum inte-
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Fig. 1. Phacelia Dalesiana. a, habit, x 1; b, corolla, x 2V2; c,

mature capsule, x 4; d, mature seed, x 6; e, chromosome plate,

II M, x 1600. (All illustrations from Constance & Shan 3070, UC
735,051.)
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grorum basalibus foliis caulinis paucis alternantibus oppo-
sitisve floribus albis in cymis secundis vix scorpioidalibus.

Corollae pelviformes staminibus squamis interstaminalibus

eglandulosis suffultis. Ovarium lateraliter paululum com-
pressum placentis duabus angustis intrusis haud connatis

quasi divisum. Ovula exutraque placenta duo seminibus
(plerumque duobus) leviter alveolatis sed transversim haud
corrugatis.

Low, perennial, pubescent herbs with a basal rosette of

entire leaves, the cauline leaves few, alternate or opposite,

and white flowers in secund, scarcely scorpioid cymes.
Corolla pelviform, the stamens subtended by a pair of con-

spicuous interstaminal scales, glands lacking. The ovary
slightly compressed laterally, incompletely divided by the

intrusion of two narrow parietal placentae, which are, how-
ever, not grown together. Ovules two to each placenta, the

seeds (usually 2) finely alveolate, but not transversely cor-

rugated. Chromosome number n == 8.

Type species, P. Dalesiana J. T. Howell, endemic in the
Trinity Mountains area of northwestern California.

There remains to be considered Howell's suggestion that

the species "might represent a relictual expression of an
ancient type or complex from which not only the genera
Draperia and Hesperochiron developed but also from which
species-groups of modern Phacelia with less specialized habit
and placentation have diverged." There is no intimation
that P. Dalesiana, itself, has given rise to any other genera
or species. Draperia, with its trailing, woody stems, opposite
leaves, subsessile flowers, tubular-funnel form and shallowly
lobed corollas, unequal and unequally inserted stamens,
bilobed style, definitely bilocular capsule, and paired pen-
dent ovules, is a monotypic genus with many indications
of specialization. Its chromosome complement is 9 pairs. The
sole resemblance to P. Dalesiana, the position and number
of the ovules, would seem to be explicable much more easily

as an instance of parallel evolution than as an indication
of consanguinity. Hesperochiron resembles P. Dalesiana in

its perennial, acaulescent habit, entire basal leaves, and in

chromosome number. The (usually) solitary flowers, the
funnelform or rotate corolla, the often unequal stamens with
dilated filaments and somewhat versatile anthers, the shortly
2-cleft style, and the numerous ovules and seeds are all

points of difference. Thus, Draperia and Hesperochiron ap-
pear to be rather highly specialized types of obscure lineage,
the origin of which probably had no close proximity to that
of P. Dalesiana, which stands sharply isolated even within
its genus.

Department of Botany,
University of California, Berkeley.
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GENETIC VARIATION IN ANDROPOGON

John F. Davidson and Paul F. Romberg

There appear to be three species of Andropogon in Ne-
braska, Andropogon Gerardi Vitman (A. jurcatus Muhl.),
A. Hallii Hack., and A. scoparius Michx.

As a prelude to a taxonomic investigation of the Nebraska
andropogons by the junior author, collections were made
during the summers of 1949 and 1950 from eighty-three of

the ninety-three counties of the state. 1 In making these
collections, material was taken only from areas which
showed no signs of recent disturbance. This precaution was
taken to avoid, as far as possible, the sampling of populations
which might be of hybrid origin, and especially those with
a short life-span. The tendency for hybrids and other such
genetically mixed individuals to occur along roadsides, rail-

way embankments, in cultivated fields, washouts, and other
such disturbed areas, has been pointed out by Heiser (1949).

In the field, the variation between the individual plants
was very evident. The plants varied in the following re-

spects:

(1) height of plant—low to tall,

(2) culm shape—cylindrical or flattened,

(3) foliage color—green or glaucous,

(4) anthocyanin content of culm and leaves—marked
or absent,

(5) pubescence of leaf and culm—copious or light,

(6) anther color—red, yellow, or purple,

(7) length of rhizome internode—short or long.

1 This work was financed by a grant from the Research Council
of the University of Nebraska.
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When the collections were made, the rhizomes were care-

fully traced, some portions of the plant were pressed for

preservation in the herbarium, and other portions of the

same plant were tagged with the collection number and
retained for garden and greenhouse culture. Thus the plants

growing in the garden and greenhouse and the preserved
herbarium specimen are members of the same clone, and are

presumably genetically identical. In the greenhouse, the

plants were grown under uniform conditions, and were
allowed to become dormant in the fall. After a month of

dormancy, they were exposed to artificial illumination com-
parable to a sixteen-hour day. Within four months, the plants

in the greenhouse were in flower.

The clone members used for garden culture were planted
as soon as possible, and the position of each specimen in the

garden was plotted as a safeguard against possible loss of

the metallic tag bearing the collection number. In the ma-
jority of cases, the individuals survived the transplanting
and winter conditions, and resumed growth in the spring.

Comparison of the growing plants and respective her-

barium specimens afforded a means of determining to what
degree the variation observed in the field was controlled

by the environment, and to what extent by the genetic

constitution of the individual plants. If the members of the
same species all reverted to a common morphology under
the uniform culture conditions, it could be assumed that the
variation found in the field was due entirely to the influence
of the environment. If, however, some of the morphological
variations observed in the field were retained when the
variants were grown under uniform conditions, such varia-

tions could be assumed to be produced by differences in the
genetic constitution of the plants. As has been pointed out
by Clausen, Keck and Hiesey (1940), there is no reason to

expect a cumulative effect after transplanting, since the
alteration in the physiology of the plant is effected imme-
diately, and changes in morphology show up with the new
growth at once. Thus the results obtained from two years'
culture may be considered valid.

Of the field variations mentioned above, none were found
to be due entirely to the effects of the environment, and
only one, the height of the plant, was found to be modified
upon transplanting. Plant height, in Andropogon Gerardi,
was found to vary in the field from eighteen to seventy-two
inches, but these heights were not maintained after trans-
planting. This is probably to be expected because of the
changed nutrition and the differential checking of the
growth through transplanting. It was interesting to find that
those plants which had been taller in the field were also
taller in the experimental garden. It would appear that tall-
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ness here is not controlled by nutrition alone nor yet by
heredity alone. The other variations noted in the field ap-

peared to be controlled by the genetics of the individuals,

inasmuch as the experimental plants retained the same
degrees of variation as exhibited in the herbarium specimens
obtained from the natural populations.

The assumption has been made in the past by Bonnier
(1895), Clements (1929), and more recently by Weaver and
Darland (1949), that observation of variation in growth
based upon the same species of plant in nature was a valid

means of determining the effect of the environment upon
the plants observed. Such an assumption is predicated upon
the hypothesis that all members of the same species will

react similarly, which implies that their genetic constitutions

are identical.

The contributions of Kerner (1891), Turesson (1922),

and Clausen, Keck and Hiesey (1940), indicate that genetic

identity throughout a species cannot be assumed, but rather

that species are commonly composed of varying numbers
of genetic strains, some of which may be ecologically signifi-

cant. The present findings in the genus Andropogon tend to

confirm the latter viewpoint. The delineations of ecotypes
by Turesson, by Clausen, Keck and Hiesey, and by Boecher
(1949) , were based upon studies of species occupying a wide
range of quite diverse environmental habitats, much more
diverse, in fact, than those which occur in Nebraska. It is

highly probable, therefore, that the variation within the
species of Andropogon is much greater than that which
occurs within this state, particularly since none of the species
is restricted to Nebraska. Thus far, the authors have not
been able to delimit ecotypes within the material studied,
and the significance of the genetic variability is currently
being investigated.

However, the present study demonstrates the impossi-
bility of determining the effect of the environment upon
a plant species without controlling either the environment
or the genetic variation between the individuals studied.
With both variables uncontrolled, correct conclusions can be
only fortuitous.

Department of Botany,
The University of Nebraska,

Lincoln, Nebraska
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A NEW BACOPA FROM CALIFORNIA

Herbert L. Mason

Bacopa Nobsiana sp. nov. Bacopa habitu B. Eisenio similis

sed ab ilia specie floribus parvioribus pedicellis quam folia

suffulcientia brevioribus sepalis fructiferis patentibus cap-
sulis ovoideis secundum septum valde canaliculatis discedit.

Floating, or prostrate and creeping herb, rooting at some
of the nodes; stems and pedicels pilose to hirsute when young,
becoming glabrate in age; leaves opposite, sessile, 1-2 or 3

cm. long, nearly as wide, orbicular-cuneate, clasping the stem,
conspicuously palmately 5-7-nerved, glabrous, succulent;
flowers 1-4 in each leaf axil; in anthesis pedicel and flower
together, shorter than subtending leaf, sometimes elongat-
ing in fruit; calyx growing with fruit, the sepals 4 or 5,

spreading in age; outer sepals 2, each 2 mm. long, almost
orbicular, foliaceous, 5-7-nerved, one or sometimes both
deeply cleft or parted; inner sepals oblong, 2 mm. long, 1 mm.
wide, minutely ciliate-margined on lower half or sometimes
glabrous, at first membranous, becoming firmer in age;

corolla campanulate, white with yellow throat, lobes nearly
equal, weakly disposed toward a grouping of two and three;

stamens 4, inserted on throat, anthers versatile; ovary in

anthesis asymmetrical; capsule broadly ovoid, 4 mm. long,

conspicuously grooved up the sides and across the top along

Explanation of Figures 1-11.

Figs. 1-11. Bacopa. 1-9, B. Nobsiana: 1, habit, x 0.8; 2, opened
corolla, x 4; 3, 4, two views depicting zygomorphic character of
calyx, x 4; 5, pistil, x 8; 6, flower x 8; 7, mature fruit showing
spreading calyx lobes, X 6; 8, cross section of ovary, X 6; 9, seed,

X 40. 10, 11, B. Eisenii: 10, habit, x 0.8; 11, mature fruit showing
appressed calyx lobes, X 2. Figs. 1, 3-9 drawn from Mason 12980,
and Nobs & Smith 1097; fig. 2 from Carter 3064; figs. 10, 11, from
Nobs & Smith 424.
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Figs. 1-11. Bacopa Nobsiana and B. Eisenii.
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the septum; seeds many, ellipsoid to oblong, testa bladdery,
reticulately sculptured with 7-8 rows of transverse areolae.

Type. Rice fields, Sutter bypass, just south of Marysville,
Sutter County, California, July 29, 1949, Nobs & Smith 1097
(University of California Herbarium No. 927650)

.

Other collections. California: marshes along Butte Creek,
Grey Lodge Game Refuge, Butte County, July 10, 1945,

Mason 12630; eight miles north of Colusa, Colusa County,
August 7, 1946, Mason & Grant 12980; two miles west of

Colusa on Williams highway, Colusa County, August 13,

1946, Mason & Grant 13010; rice fields 0.1 mile east of Valley
Home, Stanislaus County, June 10, 1951, Carter 3064, 3065;

vernal border of pond, Los Banos Wildlife Refuge, 2 miles
north of Los Banos, Merced County, July 6, 1948, Nobs &
Smith 10; alkaline pools, 2 miles west of Tranquility, Fresno
County, July 23, 1941, Bacigalupi, Wiggins & Ferris 2673

(in part)

.

Bacopa Nobsiana occurs in shallow ponds and rice fields

in the San Joaquin and Sacramento valleys of California.

It closely resembles B. Eisenii (B. rotundifolia of western
American authors, non Wettstein) in size of plant and habit.

It differs in (1) the smaller size of the flower, (2) the shorter

length of pedicel relative to the subtending leaf, (3) the

sepals which spread in age, thus exposing the capsule, and
(4) the broadly ovoid capsule which is conspicuously

grooved apically along the septum.
Bacopa Eisenii is reputed to be a perennial. This may be

true, but both B. Eisenii and B. Nobsiana behave as annuals
in the rice fields as well as in some of the seasonal ponds in

California. Apparently the herbage is relished by water
fowl for it disappears suddenly with the arrival of the first

migrations of ducks in late August. So complete is its disap-

pearance that there is little opportunity to observe its pos-

sible perennial habit in the wild.

Bacopa Nobsiana is named in honor of Mr. Malcolm Nobs,
who first called to my attention the differences between
these two species; through his diligent field interest a fine

series of specimens was obtained and many of the facts

presented here were established.

Department of Botany,
University of California,

Berkeley 4, California.
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BRYOPHYTES OF CHETCO RIVER REDWOOD STATE
PARK, OREGON

Leo Francis Koch

The Redwood State Park along the Chetco River, about
eight miles inland from Brookings in Curry County, Oregon,
is one of three known stations of the coast redwood (Sequoia
sempervirens) north of the California border. A second
isolated grove is reported several miles farther inland along
the Chetco River and the third station is presumably just

north of the boundary between the two states. Although
many botanists have visited these areas, the moss flora there,

to my knowledge, has not previously been investigated.

The Chetco River road is unsurfaced and lumber truck-

ing raises clouds of dust which blanket the vegetation. Most
discouraging is the havoc created by ruthless lumbering in

the canyon. At the time of my visit, September 3 to 9, 1950,

the immediate area of the redwoods on the north bank of

the river appeared undisturbed although Douglas trees

(Pseudotsuga taxifolia) in the neighborhood had been cut.

Although no recently cut redwoods were seen on the ridge
across the river, that area has been cleared of other market-
able trees. It is a tragedy that ecologists may now never
investigate this most interesting vegetational area in its

original state.

During the summer and autumn before the rains begin,

the winding Chetco River consists of a series of deep pools
alternating with shallow stretches over gravel bars where
the river can easily be forded. The pools are flanked by
steep rock bluffs on their deep side and by wide gravel
deposits on the other. The clean gravel beds and the gently
moving river provide desirable camp sites which happily
have not been commercialized.

The bryophytes which were observed in this area are
listed under their respective families. I am indebted to Mrs.
E. C. Sutliffe for identifying the few liverworts included.
The nomenclature and arrangement of the mosses is accord-
ing to Koch (1950) . The collection numbers (in parentheses)
are mine. A set of the specimens will be deposited in the
Herbarium of the University of Michigan and duplicate
specimens, where available, will be placed in the Herbarium
of the University of California.

Marchantiaceae
Marchantia polymorpha L. Juvenile.

Metzgeriaceae
Metzgeria conjugata Lindb. (3233).

JUNGERMANNIACEAE
Blepharostoma trichophylla (L.) Dum. (3283d).
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Lepidozia reptans (L.) Dum. (3257).
SCAPANIA BOLANDERI Aust. (3222c) .

Seligeriaceae
Blindia flexipes (Ren. & Card.) Kindb. (3269). The bent setae

and the larger plants of this and other Pacific Coast specimens
appear to separate them from the circumboreal species, Blindia
acuta (H.) Br. & Sen., under which name they were formerly re-

ported (Koch, 1950). Blindia flexipes belongs to the Pacific Coast
Element (Koch, 1951) ranging from Alaska south to California and
inland to Idaho (Setchell, UC; Howell, CAS; Leiberg, UC). I have
not seen specimens of B. acuta from south of British Columbia
although it probably does grow in the mountains of Washington.

DlCRANACEAE
DlCHODONTIUM PELLUCIDUM (H.) Sch. (3271).
Dicranum fuscescens Smith (3242).

FlSSIDENTACEAE
Fissidens grandifrons Brid. (3263).
F. limbatus Sull. (3244, 3260, 3273).
F. pauperculus Howe. (3265, 3284a).
F. rufulus B. S. G. (3275).

POTTIACEAE
Timmiella crassinervis (Hampe) L. F. Koch (3288).
Weissia controversa H. (3235).

Grimmiaceae
Grimmia alpicola H. var. rivularis (Brid.) Broth. (3262,3297).
Rhacomitrium varium (Mitt.) Lesq. & James (3292).
Scouleria aquatica Hook. (3245, 3270).

Bryaceae
Epipterygium Tozeri (Grev.) Lindb. (3261, 3284).
Orthodontium gracile B. S. G. (3256).

Mniaceae
Leucolepis Menziesii (Hook.) Steere (3287).
Mnium glabrescens Kindb. (3222).
M. insigne Mitt. (3230).

AULACOMNIACEAE
Aulacomnium androgynum (H.) Schwaegr. (3258).

Bartramiaceae
Anacolia Menziesii (Turn.) Paris (3283a).
Bartramia pomiformis H. (3285).

Orthotrichaceae
Amphidium californicum (C. Muell.) Broth. (3283).
Orthotrichum consimile Mitt. (3295).
O. Lyellii Hook. & Tayl. (3294).
Zygodon viridissimus (Dicks.) R. Brown (3291).

Cryphaeaceae
Dendroalsia abietina (Hook.) E. G. Britt. (3278).

Leucodontaceae
Antitrichia Curtipendula (H.) Brid. (3231, 3239).
Bestia occidentalis (Sull. & Lesq.) Grout (3228a).
Pterogonium gracile (H.) Smith (322 8d)

.

Neckeraceae
Neckera Douglasii Hook. (3282).
Neckeradelphus Menziesii (Drumm.) Steere (3238).
Porothamnium Bigelovii (Sull.) Broth. (3225).
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Thuidiaceae
Claopodium Bolanderi Best (3283b).

C. crispifolium (Hook.) Ren. & Card. (3232, 3211, 3280).

C. Whippleanum (Sull.) Ren. & Card. (3214).
Heterocladium heteropteroides Best (3241, 3248).

Brachytheciaceae
Eurhynchium oreganum (Sull.) Jaeg. & Sauerb. (3286).

E. Stokesii (Smith) Sch. (3293).
Pseudisothecium stoloniferum (Brid.) Grout (3231).
Scleropodium colpophyllum (Sull.) Grout (3253, 3219).

S. obtusifolium (Drumm.) Mac. & Kindb. Common.
Plagiotheciaceae

Isopterygium elegans (Brid.) Lindb. (3234,3250).
Plagiothecium denticulatum (H.) Sch. (3259).

P. undulatum (H.) Sch. (3296).

Hypnaceae
Hypnum circinale Hook. (3241).
H. subimponens Lesq. (3228).

Rhytidiaceae
Rhytidiadelphus loreus (H.) Warnst. (3221).
R. triquetrus (H.) Warnst. (3226).

Polytrichaceae
Atrichum undulatum (Hedw.) Pal.-Beauv. (3243).

The following information about the bryophytes in this

outpost of the coast redwood forest may give some idea of

the interesting ecological aspects of this area.

Marchantia polymorpha, represented by scattered, imma-
ture rosettes, was the only bryophyte observed on the
occasional sandbars along the river. Stable boulders or rock
masses, obviously submerged at high water, supported ex-
tensive mats of Scleropodium obtusifolium in which many
clumps of Scouleria aquatica, Grimmia alpicola var. rivu-

laris, and Rhacomitrium varium were interspersed. At the
base of a steep rock bluff, one rock mass was bedecked with
numerous cushions of Blindia flexipes.

Fissidens rujulus grew in abundance on boulders barely
emergent from the water of a tributary stream, but only a

single clump of Fissidens grandifrons was found on a sub-
merged rock in the water from a spring. Emergent rocks
alongside were covered with Eurhynchium Stokesii. Wet
sand between rocks in seeps along the river banks supported
tufts of Dichodontium pellucidum.

Fissidens limbatus and Epipterygium Tozeri were the
most common inhabitants of otherwise barren, recently dis-

turbed soil in shaded sites. Atrichum undulatum, Sclero-

podium colpophyllum, Weissia controversa, and Timmiella
crassinervis were less abundant and apparently require more
specific and permanent substrata. Comparatively stabilized

banks in forested areas well above the disturbing influence
of high water were usually covered with Claopodium Whip-
pleanum, often intermingled with Fissidens limbatus. Occa-
sionally delicate mats of Isopterygium elegans were seen
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on soil adjacent to protruding rock masses or the bases of

large trees. Hypnum subimponens nourished on a thick
deposit of silt over a rotton log with Bestia occidentalis,

Eurhynchium oreganum, Pseudisothecium stoloniferum,
Pterogonium gracile, Leucolepis Menziesii, and Metzgeria
conjugata as associates. A large cluster of Rhytidiadelphus
loreus and one of Rhytidiadelphus triquetrus, each over a

foot in diameter, grew with the western sword fern (Poly-
stichum munitum) along the sandy base of a shaded bank
along the flood plain under California laurel (Umbellularia
californica) and tan oak (Lithocarpus densiflorus). On a

nearby bank was a large colony of Mnium insigne.

Most large rock masses, ten to twenty feet above the
water line were largely covered with mats of Pseudisothe-
cium stoloniferum. Where considerable soil accumulated
over the tops of some of these boulders, Leucolepis Menziesii
grew vigorously. Pseudisothecium stoloniferum is the pre-

dominant moss on branches of most trees in the area along
the river but Leucolepis was found elsewhere only at the

base of a large laurel with Claopodium crispifolium and in

thick mats of other mosses like Eurhynchium oreganum.
Porothamnium Bigelovii was common in all shaded habitats

but was particularly proliferous on a huge shaded laurel

trunk and formed extensive mats on the lower surfaces of

large rock masses in deep shade.

Scattered clusters of Zygodon viridissimus and Ortho-
trichum Lyellii were collected from the trunk of large

Douglas trees on which some Hypnum circinale was usually
present. Orthotrichum consimile was taken from the limbs
of a large rhododendron. One large rock mass in dense
shade had an extensive growth of Heterocladium hetero-

pteroides in crevices on its protected side.

The most luxuriant mixture of mosses in this vicinity

was over large decaying logs in deep shade. Mnium glab-

rescens grew vigorously with Eurhynchium oreganum,
Plagiothecium undulatum, Pseudisothecium stoloniferum,
and Scapania Bolanderi on logs. The only large mat of Plag-
iothecium undulatum seen in this area was on a large well-

rotted log, probably a redwood, on the wooded flood plain

across the river from the redwood grove. Other logs which
still retained their bark were covered with Claopodium
crispifolium in pure stands or in mixture with Neckera
Douglasii, Bestia occidentalis, Porothamnium Bigelovii, Pter-

ogonium gracile, and Pseudisothecium stoloniferum. One
large, relatively intact Douglas tree log supported a luxuri-

ant growth of Hypnum circinale and scattered clumps of

Dicranum fuscescens. On the flood plain only one small patch
of Antitrichia curtipendula was seen on a fallen branch.

Upstream from the park, on a steep north facing bank
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of the river, the main limbs of large laurel trees were fes-

tooned with Neckera Douglasii, whereas tan oak trunks were
bedecked with Dendroalsia abietina, and a nearby maple
trunk was draped with a curtain of Neckeradelphus Men-
ziesii. In shaded crevices of the adjacent rock bluff over-

hanging the stream, Bartramia pomiformis and Amphidium
californicum occurred with Anacolia Menziesii, Claopodium
Bolanderi, Timmiella crassinervis, and Blepharostoma trich-

ophylla. A thick mat of Antitrichia curtipendula was found
on a recently felled Douglas tree log.

The discovery of Fissidens pauperculus and Orthodon-
tium gracile in this northernmost station of the coast red-

wood is of particular interest. Fissidens pauperculus was first

found here on bare sand packed with gravel under the over-

hanging forest duff in deep shade in company with Fissidens

limbatus and later with Epipterygium Tozeri on wet sand
at the bottom of a hole left by an uprooted maple tree on
the flood plain across the stream. Fissidens pauperculus was
not abundant at either station and apparently occupies a

solid but temporary substratum which is submerged at high
water. On more permanent soils it presumably cannot com-
pete with more vigorous species like Fissidens limbatus and
Epipterygium Tozeri, which are found in most mesophytic
sites in California. Orthodontium gracile was detected on
the charred base of a single decayed redwood stump asso-

ciated with Aulacomnium androgynum, Plagiothecium den-
ticulatum, and Lepidozia reptans.

Fissidens pauperculus was previously known only in

Marin and Santa Cruz counties in California (Koch, 1948,

1949) but has since been found in the redwoods of Napa
and Monterey counties as well as in intermediate localities.

Orthodontium gracile had been recorded from Santa Cruz,
San Mateo, Sonoma, Mendocino, and Humboldt counties
(Andrews, 1932; Koch, 1949) and has also been discovered
recently in Monterey County. It is also known from isolated

stations in Great Britain and France (Margadant & Meijer,

1950) where its peculiar range has received a great deal
of attention.

The association of certain mosses with the coast redwood
is believed to represent evidence for a more general con-
currence in the distribution of mosses and conifers than
exists between either of these groups and flowering plants
(Koch, 1951) although direct evidence needs to be accumu-
lated.

Bartramia pomiformis is the only moss reported here
which is not also known to occur in California (Koch, 1950)

;

presumably careful investigation of the northernmost coun-
ties in California will uncover that species.

Financial support, in the form of a postdoctoral fellow-

•
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ship from the Horace H. Rackham School of Graduate
Studies at Ann Arbor, Michigan, for the purpose of investi-

gating the bryophytes of the coast redwood forest, is grate-
fully acknowledged. Funds for travelling expenses con-
tributed by the Botanical Gardens of the University of

Michigan are deeply appreciated.
Bakersfield Junior College,

Bakersfield, California.
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REVIEWS
Plant Eynbryology. By Donald Alexander Johansen. The

Chronica Botanica Company, Waltham, Massachusetts, xviii

f 305 pp., frontispiece, figures 1-80. 1950. $6.00, regular
memoir edition; $14.00, special edition.

Because of the time-consuming nature of the work, Amer-
ican botanists for the most part have been unwilling to

undertake monographic treatises in particular fields as was
formerly done by many of the Europeans, especially the

Germans. In the field of embryology the only work of such
a nature has been the exhaustive survey, "Embryologie der
Angiospermen" by the Austrian, Schnarf, which was pub-
lished from 1927-29. Like the older workers and like many
today, such as Maheshwari, Schnarf considered embryology
in its broad meaning to include studies on mega- and micro-
sporogenesis, mega- and microgametogenesis, and develop-
ment of the structures of the ovule before and after fertiliza-

tion, as well as study of the embryo. Since the publication
of his work many additions to the literature on embryology
have appeared. Therefore, Dr. Johansen's monumental work
is especially welcome at this time, even though he has lim-

ited himself to what he considers embryology proper.
To Dr. Johansen plant embryology embraces embryonic

morphology, embryonic physiology, and embryogeny. In the
present work the treatment of embryological topics is re-

stricted to the latter field with its divisions of embryogen-
esis, embryotectonics, embryogenergy, and embryonomy. He
has attempted to make a correlation and evaluation of the
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studies on embryogeny of the Spermatophyta appearing in

publications over a period of more than a century. His litera-

ture citations include those appearing prior to 1947.

The history of both angiospermic and gymnospermic em-
bryology is discussed in the introduction.

Slightly less than one third of the book is devoted to the

Gymnosperms. Dr. Johansen maintains with Hagerup and
others that the Gymnosperms do not constitute a natural

group and has therefore separated them into phyla or divi-

sions: Cycadophyta, Ginkgophyta, Coniferophyta, and Ephe-
drophyta. One chapter is devoted to each of the fifteen

families attributed to these four divisions. For each family,

fertilization, the proembryo, and the embryo are described

and the Taxodiaceae and Cupressaceae are further divided
into subfamilies for which these topics are discussed. There
is a short treatment on the comparative embryogeny of the
genera of the Pinaceae in the chapter dealing with that

family. The work on Gymnosperms is profusely illustrated

with original line drawings or those redrawn from other
authors.

The Angiosperms are termed Anthophyta and are treated
as a unit. They are not segregated into the customary taxo-
nomic groups of Dicotyledons and Monocotyledons, because
there is no embryological distinction between the two.

The embryology of the Anthophyta occupies about two-
thirds of the book. Before taking up embryological Types
and Variations, and the special and comparative embryology
of the individual orders and families, a chapter on general
considerations defines the subdivisions of embryology and
formulates the fundamental laws of embryonomy. The ex-
planation for the fundamental organization of the embryo
of a given species is provided for by the embryonomic laws,
which may be stated: (1) the Law of Parsimony, "no more
cells are produced by the embryo than are absolutely nec-
essary"; (2) the Law of Origin, "in any particular species,
the sequences of cell formation may be established in such
a manner that the origin of the cells may be denned in exact
terms by referring to the one or to the other of the terms
of the sequence"; (3) the Law of Numbers, "the number of
cells produced by different cell generations varies with the
species and depends on the rapidity of the segmentation in
the cells of the same generation"; (4) the Law of Disposi-
tion, "in the course of normal embryonic development, the
cells are constituted by divisions in clearly determined
directions and appear to occupy positions in accordance with
the role which they must play"; and (5) the Law of Desti-
nation, "the cells of the proembryo of a given species, when
the development is normal, give rise to clearly determined
parts, and always to the same parts, of the embryonic body."
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In order to elucidate the laws of embryonomy, Dr. Johan-
sen has had recourse to formulae based on those originally

used by Soueges. When formulae are combined into a table
of recapitulation it is clear that they define the number of

cells, disposition of cells, and role played by the cells during
embryo development. The formulae indicate the precise
relationships which individual cells present to one another
in the course of development of the embryo.

Six main types of embryonomy are recognized according
to the operation of the embryonomic laws, and a key sepa-
rating them is presented. The majority of accounts which
have been described in the literature can be fitted into one
or another of these types. Minor deviations from each type
which have occurred during evolution are termed variations.

Keys separating the variations under each type are also

given.

The types of embryonomic development are those first

established by Schnarf. He named the type after the family

to which belonged the species whose embryonomy was most
completely known. Johansen has taken the root of the family
name and attached the Latin suffix -ad, and with one excep-

tion has retained the names of the families used by Schnarf.

Thus the first type is designated the Piperad Type because
this mode of development has been most completely de-

scribed in Peperomia pellucida, a member of the Piperaceae.

Variations from the type are designated by the name of the

genus whose embryonomy departs in a minor fashion from
the type, as the Balanophora Variation. It is evident that

this method of designating types has no phylogenetic sig-

nificance since many Anthophyta in widely separated orders

may show the same type of embryonomy. Many botanists

will criticize this as misleading and contend that a classifi-

cation that has no phyletic import is worthless. However, a
somewhat similar practice of naming types has long been
in use in embryo sac studies, and has been found a con-

venient method of designating a given type of development.
In such studies the type is named for the genus in which
it is first described.

The classification of embryo types of Soueges, based only
on those species which he himself had investigated, was
unknown to Dr. Johansen at the time he started work on
his own system. He has, however, now made a comparison
of the two systems and discussed them at some length.

Over half of the book consists in the special and com-
parative embryology of members of the Anthophyta for

which embryonomic data are known. The classification of

Orders and Families is according to Hutchinson's "The Fami-
lies of Flowering Plants," Vol. I and II. Each species is

assigned to one of the six types with their variations and a
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short discussion of each is included. There are numerous
line drawings as in the chapters on Gymnosperms.

Three chapters at the close of the book deal respectively

with apomictic embryogeny, adventitious embryogeny, and
polyembryony. A glossary and indices follow. There is one
index for orders and families and another for genera and
species. Unfortunately there is no bibliography at the end of

the entire book, literature citations being given only at the

end of each chapter.

Although many will not agree with the classification

that Dr. Johansen has set up, nevertheless it should act as a

stimulus and point of departure for other classificatory

schemes. The compilation of such a great amount of infor-

mation on embryological literature between the covers of

one volume is justification enough for the work. It will be
of use not only to plant embryologists, but to other botan-

ists such as cytologists, anatomists, morphologists, taxono-
mists, and those devoted to the study of evolution as well.

Dr. Johansen is to be congratulated on furnishing them
with such a wealth of information.

At present Dr. Johansen is undertaking to keep a record
of species newly investigated with respect to their embry-
ology. Because of poor library facilities he will include only
those references obtained from reprints forwarded to him.
Summaries will be presented from time to time in one of the
regular botanical journals. Dr. Johansen can be reached at:

861 East Columbia Avenue, Pomona, California, U.S.A. He is

also attempting to establish an International Commission
for plant slide exchanges, and we take this opportunity to

refer to this project. Marion S. Cave, Department of Botany,
University of California, Berkeley.

Manual of Phycology. An Introduction to the Algae and
Their Biology. Gilbert M. Smith, editor. The Chronica Bo-
tanica Company, Waltham, Massachusetts, xii-f-375 pp., 2

frontispieces, 48 figs. 1951. $7.50.

The appearance of the Manual of Phycology, long awaited
by contributors as well as interested bystanders, is an event
of signal importance to this branch of biology. Although
there are now a number of books which deal with the algae
as a whole, the Manual is unique in two respects. First, it is

a cooperative undertaking in which outstanding phycolo-
gists have contributed chapters treating those phases of the
field in which they are specialists. Second, the space allotted

to comparative morphology and classification has been re-

duced to about half the total text.

The cooperative nature of the Manual has its inherent
advantages and disadvantages. The summation of the train-
ing, knowledge, and experience of the contributors permits
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the attainment of a degree of general excellence unsurpassed
in the work of any one individual. By the same token,

however, the cohesion that can result only from an integra-

tive viewpoint is much more likely to be achieved in the

work of a single author than in a cooperative undertaking.

To be sure, the editor is in a position to integrate to a lim-

ited extent the various contributions, at least as far as avoid-

ing conspicuous contradictions of interpretation and over-

lapping of material, and in the Manual, Gilbert M. Smith
has done a job which is especially commendable considering

that "within each chapter the author was given a free hand
and he was the sole judge of the proportionate amounts of

space to be devoted to the various sections of the chapter."

Nevertheless, an over-all approach manifested in a uniform
style of treatment, which noticeably reinforces such a work
as Professor Smith's Cryptogamic Botany, is conspicuously,
and perhaps regrettably, absent in the Manual. Conse-
quently, the Manual will probably prove of more use as a

reference book than as a textbook, which perhaps was the
intention of the publisher.

The allotment of space was decided by the editor, and
it is to Professor Smith's credit that aspects of phycology
other than comparative morphology and classification were
consigned half the total text. This does not mean that the
systematics of algae, a field which is still in its infancy, is

thereby de-emphasized. To the contrary, reducing systematics
to its proper perspective serves to emphasize to taxonomists
the need for physiological (including biochemical) and eco-

logical approaches to the problems of systematics, entailing

cultural and experimental techniques. In most universities

the course in phycology is at most but one semester in length
and is thus of necessity devoted largely to comparative mor-
phology and classification with only passing reference, if

any, to such dynamic aspects as algal cytology, genetics,

biochemistry, and physiology (especially sexuality per se,

photosynthesis, and morphogenesis) . Surely the time has
come when the recognition of the importance of algae is so

general that a course in the biology in addition to the mor-
phology of these organisms is warranted. It is hoped that
in the near future the usual course in phycology will be two
semesters in length and thus permit a balanced treatment of

the various aspects of the science. Phycologists, as well as
those persons charged with teaching phycology who are not
specifically trained in the field, when planning the scope of

such a course and the distribution of the lectures and labo-
ratory assignments would do well to be guided by the
Manual.

Since each author has presented his topic in such great
detail and completeness that even well-trained phycologists
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will find many unfamiliar but welcome facts in every chap-

ter, the reviewer recognizes the prudence in restricting his

critical comments to those phases in which he feels rela-

tively at home.

The Manual is prefaced by a brief history of phycology,

contributed by Gerald W. Prescott. In this topic, perhaps
more than in any other, there is a diversity of opinion as to

what should be included, depending upon the importance
one assigns to the work of a given phycologist. Recognizing
this diversity of opinion, one accepts as inevitable certain

inclusions of seemingly unimportant information and omis-
sions of relatively important contributions. However, one
might wish for a more coherent and dynamic account. Al-

though Prescott has covered the field in a remarkably com-
prehensive fashion, he shows somewhat less appreciation
of the larger trends than is desirable. The omission of the

development of schools of thought and of the concomitant
clash of personalities has deprived this brief history of much
potential interest. Cognizance of the Swedish-British and
French encampments is essential to a full understanding of

the history of phycology in the first half of the nineteenth
century, especially the work of Turner, the Agardhs, Gre-
ville, and Harvey, on the one hand, and of Bory, Lamouroux,
and Montagne, on the other. Prescott mentions many con-
tributions in phases other than taxonomy, but systematic
accounts of the history of morphology per se, physiology,
and ecology are not given, nor are they to be found in any
other chapter of the Manual. The omission in the bibliog-

raphy of certain citations in the text is somewhat disturbing.
These include Stackhouse (1796), Linnaeus (1737), Hedwig
(1798A),Roth (1807), Roussel (1796),Braun (1835) , Raben-
horst (1853), Areschoug (1875 and 1883-1884), Borzi (1879
and 1883), De Toni (1888-1905), and others.

Next, the over-all classification of algae is concisely dis-

cussed by the editor, followed by fairly exhaustive accounts
of each of the major groups. The Chlorophyta are treated by
M. O. P. Iyengar, the Euglenophyta by T. L. Jahn, the
Chrysophyta by F. E. Fritsch, the Pyrrophyta by H. W.
Graham, the Phaeophyta by G. F. Papenfuss, the Cyano-
phyta by Francis Drouet, and the Rhodophyta by Kath-
leen M. Drew. Certain of these accounts are truly scholarly.
Many phycologists will undoubtedly take exception to Iyen-
gar's classification of the siphonous green algae wherein he
recognizes only the one order Siphonales. In failing to
attribute ordinal importance to the fundamental process of
segregative division characteristic of the Siphonocladales
and to the radial symmetry and consequent vegetative elab-
oration peculiar to the Dasycladales, Iyengar stands in
marked disagreement with leading authorities on the sipho-
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nous complex, including B0rgesen and Feldmann. Recent
work of Dr. Lois L. Eubank, as yet published only in abstract

form (News Bull. Phyc. Soc. Am., no. 3, p. 26. 1948)
,
supports

B0rgesen and Feldmann rather than Iyengar. The systematic

accounts are concluded by a chapter on the fossil algae, con-

tributed by J. Harlan Johnson.
The remaining portion of the Manual, perhaps more than

the portion already discussed, brings together for the first

time vast quantities of information. The next seven chapters,

in fact, are of the nature of reviews. Long overdue, they fill

the need adequately. Comprehensive reviews are given by
H. C. Bold on algal cytology, G. M. Smith on sexuality in

algae, Harold H. Strain on the pigments of algae, L. R. Blinks
on the physiology and biochemistry of algae, L. H. Tiffany

on the ecology of freshwater algae, Jean Feldmann on the

ecology of marine algae, and Bostwick H. Ketchum on
plankton algae. The chapter by Blinks is especially com-
mendable and includes an exhaustive bibliography. The
omission of Hammerling's work on morphogenesis in Aceta-
bularia, though regrettable, is perhaps to be attributed to

the general unavailability of his papers until very recently.

Following a lucid discussion of the factors which affect the
distribution of marine algae, Feldmann deals with bionomic
divisions and life forms. In the latter two sections he pre-

sents complex systems of terminology (which have been
proposed previously) . When one reads that Caulerpa pro-

lifera is an "infralittoral hemicry
[ p ]

tophycean with rhi-

zomes, psammophilic-pelophilic, eurythermic-megathermic,
euryphotic, euryhaline, galenophilic [species]," one wonders
whether the means have not overwhelmed the end. If one
were not already familiar with Caulerpa from experience
in the field, would one readily draw from this frightening
array of terms a picture of a broadly tolerant rhizomatous
alga living in protected sandy or muddy habitats in the sub-
littoral zone? In the brief discussion of the marine vegeta-
tion of the different parts of the world, Feldmann has re-

grettably omitted the highly significant results of the inves-
tigations of the intertidal ecology of South Africa, conducted
by the Department of Zoology of the University of Cape
Town under the direction of Professor T. A. Stephenson.

Two useful chapters are appended to the Manual. Meth-
ods for the cultivation of algae are discussed by E. G. Pring-
sheim, and D. A. Johansen summarizes algal microtechnique.

Dr. Frans Verdoorn and the Chronica Botanica Company
are to be congratulated on having produced the Manual of

Phycology. The great need for such a volume has been rec-

ognized and satisfactorily filled. Paul C. Silva, Department
of Botany, University of California, Berkeley.
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STUDIES IN STREPTANTHUS.
A NEW STREPTANTHUS COMPLEX IN CALIFORNIA

Freed W. Hoffman

In recent years intensive exploration of the many isolated

serpentine areas of Sonoma and adjacent counties in California

has revealed several hitherto undescribed taxa of the genus
Streptanthus. Among these is a group of four closely related

taxa which occupy a phylogenetically intermediate position in

that they possess the foliage and stem characters of the Strep-

tanthus tortuosus complex of subgenus Pleiocardia together

with the bractless inflorescence, zygomorphic, flask-shaped

calyx, and two pairs of connate filaments of the S. Breweri
complex of subgenus Euclisia. Two species, one with three sub-

species, are represented in this new group of four taxa; all are

biennials and serpentine endemics of limited range, and they

are here treated as belonging to the subgenus Euclisia.

Subgenus Euclisia, as constituted up to the present time,

is a heterogeneous assemblage of many polymorphic species,

the only common characters being zygomorphic flowers and
one or two pairs of stamens with connate or partially connate
filaments. Neither of these characters, however, is unique with
Euclisia. The flowers of the subgenus Pleiocardia are to a cer-

tain degree zygomorphic, and connate filaments are common
to the subgenera Caulanthus and Paracaulanthus of Streptan-

thus as well as to some species of the closely related genus
Thelypodium (W. L. Jepson, 1936)

.

Almost all of the taxa of subgenus Euclisia have been grown
by the author from seed, and the morphological variations in

the various organs of each plant have been recorded. No
characters better reveal the phylogenetic relationships within
this subgenus than those of the juvenile rosette leaves. The
shape, color, and texture of the juvenile leaves of closely-

related taxa of the genus Streptanthus are characteristic of

those taxa, and the juvenile leaves of each closely related group
have a characteristic aspect. A knowledge of these lower leaves
is often desirable for the proper classification of a taxon. They
are usually shed by the plant before full anthesis and hence
are seldom collected and seen on herbarium specimens. Some
botanical descriptions are therefore inadequate because of a

lack of knowledge of these lower leaves. As an illustration,

E. L. Greene (1888, p. 217) described S. barbiger as having
"linear entire leaves," having seen only the upper leaves. This
incomplete description has remained in the literature for many
years. It is believed that the type specimen is non-existent
(Morrison, p. 51), but the plant has recently been re-collected

at the type locality and found to have palmately-lobed juvenile,

Madrono, Vol. 11, No. 5, pp. 189-220. January 29, 1952.
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Table 1. Comparison of Juvenile Foliage Characters in Strep-
tanthus, Section Euclisia and Closely Related Sections.
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of the column as being absent; an x indicates the character as being
present; an interrogation point (?) indicates that the character is
sometimes present (x?), or sometimes absent (0?).

and coarsely-serrate lower cauline leaves, only the upper
leaves being "linear and entire."

Based upon the shape, color, and texture of the juvenile
leaves of each taxon and supported by morphological evidence
from the other organs, six groups of taxa may be formed in
the subgenus Euclisia, as listed in Table 1. Corresponding
characters of their nearest affiliates in the subgenus Pleiocardia
are included in Table 1 at each end of the sequence of groups.

In groups 1 and 2 there may be noticed in the juvenile
leaves a certain degree of maculation or mottling which is

common to three of the four members of Group 1 and to all the
members of Group 2. These leaves in groups 1 and 2, as well as
in the S. tovtuosus complex, are cabbage-like in texture, glab-

i
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rous, and glaucous. In Group 3 maculation is either absent or

reduced to a few spots; the leaves remain glabrous, or almost

so, there is no glaucescence, and the texture is no longer

cabbage-like. The form of the leaf also changes to approach
that of groups 4 and 5. In these two groups a new character,

pubescence, is introduced. In Group 6, the S. polygaloides

complex, none of the juvenile leaf characters of the other five

groups is present. In these characters the S. polygaloides com-
plex strikingly resembles the S. diversifolius complex of the

subgenus Pleiocardia, to which it may be closely related.

Except for the connate filaments and zygomorphic corollas,

the phylogenetic relationship of the S. polygaloides complex
with the other groups of Euclisia must be very remote. Species
complexes such as these under consideration, it should be noted
here, are common within the genus Streptanthus, most of its

species being polymorphic to such a degree that it becomes
difficult to determine whether closely related forms should be
regarded as one species or as belonging to distinct species.

To give one example, at least eight or ten distinct forms of

S. barbiger of the S. Breweri com-
plex, subgenus Euclisia, are known

/ J)// to exist; yet its specific status is in

doubt. It can be stated, however,
that S. barbiger is probably a mem-
ber of the S. Breweri complex

-£>c>- / J?J which is here used to include such
closely related taxa as S. hesperidis

Fig. 1. Diagram of flow- Jepson, S. batrachopus Morrison,
er, Streptanthus Morrisonii and additional entities not yet de-
complex, scribed.

The flowers of groups 1 and 2 are quite similar in form.
They are zygomorphic in the sense that they are somewhat
bilabiate. The stamens are in three sets: upper, lower and
lateral. Those of the upper set have connate filaments, are
longest, and protrude from beneath the upper sepal; those of
the lower set usually have connate filaments, are next longest,
and protrude from above the lower sepal; those of the lateral
set are free, arcuate, usually included and are the shortest,
each being contained within a lateral sepal. The sepals, like-

wise, are in three sets: the upper is always narrowest, lightly
keeled, and not saccate at the base; the two lateral sepals are
alike in form, being boat-shaped, heavily keeled, saccate at
the base and broader than the others; the lower sepal is lightly
keeled, boat-shaped and saccate at the base. All sepals are
somewhat connivent towards their apices, and, because of their
spreading or recurved tips, form a flask-shaped calyx. In the
flower, viewed laterally (fig. 1), a line tangent to ali the sepal
bases forms an acute angle with the pedicel below the recep-
tacle and an obtuse angle above the receptacle, instead of a
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right angle as in most actinomorphic flowers. There is no
enlarged torus as is characteristic of the S. tortuosus complex.

The taxonomic position of the four new taxa in relation

to the preceding six groups of subgenus Euclisia and their

nearest affiliates in subgenus Pleiocardia is represented in the
following keys to the genus Streptanthus.

Key to the Subgenera of Streptanthus

Stigma 2-lobed; seeds wingless or narrowly winged; cotyledons
obliquely incumbent.

Cauline leaves petioled; filaments in one set of equal length, or,

if in two sets, then the sets of a different length; distinct

Caulanthus
Cauline leaves sessile, amplexicaul; filaments in three sets, each

of a different length, distinct, or with one or two pairs connate
Paracaulanthus.

Stigma usually entire or indistinctly 2-lobed; seeds mostly winged,
sometimes wingless; cotyledons accumbent.

Filaments in three sets, each set of a different length, distinct; plants
glabrous and glaucous; flowers slightly zygomorphic Pleiocardia.

Filaments in three sets, each set of a different length, those of the
upper set and frequently those of the lower set connate; plants
glabrous and glaucous or with the lower parts pubescent;
flowers decidedly zygomorphic Euclisia.

Key to the Groups of Streptanthus, Subgenus Euclisia

Plants glabrous and glaucous; seeds usually wingless or with a sug-
gestion of wing at the tip.

Juvenile leaves cabbage-like in texture, broad, palmately lobed,
dentate, or serrate, upper surface usually mottled.

Biennials Group 1, S. Morrisonii complex.
Annuals Group 2, 5. Breweri complex.

Juvenile leaves not cabbage-like in texture, deeply incised or pin-
nate, not mottled Group 6, S. polygaloides complex.

Plants pubescent at the base; seeds usually winged all around.
Juvenile leaves glabrous or with a few hairs; some maculation

present Group 3, S. niger.
Juvenile leaves pubescent, never glabrous; maculation usually

absent.
Inflorescence with a terminal highly-colored cluster of infertile

flowers; upper and lower sets of filaments connate
Group 5, S. insignis complex.

Inflorescence without a terminal highly-colored cluster of infertile

flowers; upper set of filaments connate, lower set usually
free Group 4, S. glandulosus complex.

Key to the subspecies of Group 1, Streptanthus Morrisonii complex
Calyx greenish-yellow to golden-yellow, occasionally purplish; upper

connate filaments without longitudinal colored lines.

Upper and lower surfaces of juvenile and lower leaves usually
uniformly green; upper connate filaments uniformly orange or
orange-yellow; plants endemic to serpentines of Big and East
Austin creeks, Sonoma County. . S. Morrisonii subsp. Morrisonii.

Upper surface of juvenile and lower leaves heavily mottled with
purple-brown, lower surface uniformly purplish; upper connate
filaments uniformly yellow; plants endemic to serpentines on
the headwaters of St. Helena and Bucksnort creeks, Lake
County S. Morrisonii subsp. elatus.
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Calyx purple or rose, never yellow, upper connate filaments with two
purple longitudinal lines.

Calyx densely hirsute with long hairs; non-reticulate; plants en-
demic to serpentines on the headwaters of East Austin Creek,
Sonoma County S. Morrisonii subsp. hirtiflorus.

Calyx glabrous, usually reticulate; plants endemic to serpentines
east of Pine Flat, Sonoma County S. brachiatus.

Streptanthus Morrisonii sp. nov. Herbae biennes glabrae
glaucae foliis rosulatis juvenilibus latis palmatilobatis dentatis

serratisve textura eas brassicae simulantibus paginis superiori-

bus plerumque marmoratis seminis plerumque sine alis vel

apice laevissime tantum alatis.

Strict or diffuse, somewhat woody biennials, forming in the
first year rosettes of leaves that are cabbage-like in texture,

glabrous, glaucous, uniformly gray-green both above and be-

neath, or the lower surface somewhat purple-tinged, or the
upper surface heavily mottled with purplish or brownish
blotches and the lower surface purple, petiolate, broadly-ovate
to spatulate-obovate or fan-shaped with margin entire basally

and coarsely dentate apically, up to 4.5 cm. in width and 7.5 cm.
in length, in the second year the stem extended and producing
auriculate-spatulate to auriculate-ovate, sessile, clasping, entire

or few-toothed leaves, these passing into auriculate-lanceolate

acute, sessile leaves and awl-shaped bracts; flowers zygomor-
phic, scattered along the flowering stems or concentrated
towards the tips of the branches; calyx flask-shaped, densely
pubescent, with a few scattered hairs, or entirely glabrous,

golden-yellow, greenish-yellow or deep purple, at least 0.8 cm.
long; sepals ovate-lanceolate, strongly-keeled, acute, tips scari-

ous and recurved; petals white, cream-colored or slightly

salmon-tinted, with yellow, brown or purple forked veins, the
upper pair turned upward and recurved, the lower pair turned
downward and recurved; stamens in three sets, the upper set

connate, uniformly colored yellow or orange or with two
purple, longitudinal lines when the corolla is purple, protrud-
ing, turned upwards and strongly recurved, the lower set

partially connate, protruding, turned downwards and strongly
recurved, the lateral set included, free; siliques erect, divergent
or reflexed, straight or slightly curved, flattened parallel with
the partition, 2.0-10.0 cm. long, up to 0.2 cm. wide, usually toru-

lose; seeds brown or greenish-brown, with a wing at the tip,

cotyledons accumbent; style short; stigma entire.

Under S. Morrisonii three subspecies are recognized and
described as follows:

Streptanthus Morrisonii subsp. Morrisonii Herba erecta
biennis usque ad 10 dm. alta foliis basalibus juvenibusque
petiolatis glabris glaucis eis brassicae similibus omnino griseo-

viridibus late ovatis vel spathulato-obovatis ad apicem versus
dentatis foliis superioribus sessilibus amplectentibus integ-

ris vel sparse dentatis auriculato-spathulatis vel ovatis etiam
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subulatis calycibus flavovirentibus glabris vel leviter pubescen-
tibus petalis eburneis vel lateritiis venis brunneis vel flavis

praeterea ornatis filamentis staminorum duorum superiorum
eisque eorum duorum inferiorum inter se in paribus connatis

eis paris lateralis liberis siliquis torulosis erectis vel diver-

gentibus seminibus sine alis.

Flowering stems tall (up to 10 dm.) and strict; juvenile and
adult leaves gray-green on both surfaces, or a little purplish

beneath, without maculation; upper stem leaves auriculate-

spatulate to auriculate-ovate, sessile, clasping, entire or few-
toothed; flowers discretely produced towards the tips of

ascending or divergent branches; calyx greenish-yellow becom-
ing golden-yellow with age, glabrous or with a few scattered

hairs, up to 0.8 cm. long; petals creamy-white to light-salmon
with brownish or orange-colored veins, most prominent on the
lower petals, 1.0 cm. long; upper filaments recurved, broadly
connate, uniformly orange-colored; siliques erect or divergent,
2.0-7.0 cm. long, 0.15 cm. wide, straight, or slightly curved,
torulose.

Type. Serpentine outcrop, headwaters of Big Austin Creek
at Layton Chromite Mine, Sonoma County, California, Sep-
tember 26, 1946, Freed Hoffman 1020 (Herbarium of the Uni-
versity of California no. 936537) . Subsequent collections have
been made at the type locality and also at Red Slide on
Bargeman Creek, Hoffman 1029; Devil Creek, Hoffman 2995;

Gilliam Creek, Hoffman 1053, all of these creeks being tribu-

taries of East Austin Creek and located in the same serpentine
area.

This species has been named for Dr. John Morrison of New
York State College of Forestry, Syracuse, New York, in recog-
nition of his studies in the genus Streptanthus.

Following is a partial list of the associated flora: Cheilanthes
siliquosa Maxon, Cupressus Sargentii Jepson, Pseudotsuga
taxifolia (Lamb.) Britt., Allium falcifolium H. & A., Fritillaria

lanceolata Pursh, Calochortus pulchellus Dough, Cypripedium
californicum Gray, Solanoa purpurascens (Gray) Greene,
Dendromecon rigida Benth., Cordylanthus Pringlei Gray, Par-
nassia palustris L. var. californica Gray, Phacelia egena Gray,

Explanation of Figure 2.

Fig. 2. Streptanthus Morrisonii subsp. Morrisonii: a, seed X 5;

b, seedling with cotyledons x 4; c, seedling with first stem leaves x 1;

d, mature growth of first year x Vz\ e, typical leaves of first year
mature growth x %; f, habit, fruiting stage x 1/6; g, flowering branch
X %; h, types of stem leaves of second year mature growth x %;
i, lateral view of flower x 2; j, upper and lower petals x 2; k, upper,
lateral and lower sepals x 2; I, androecium and gynoecium: 1, side
view, 2, front view, lower stamens front, 3, front view with lower
stamens removed to show connate upper stamens, all x IV2; m, stigma
X 2; n, fruiting branch showing torulose siliques x V2.



Fig. 2. Streptanthus Morrisonii subsp. Morrisonii.
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Eriodictyon calijornicum (H. & A.) Greene, Rhododendron
occidentale Gray, Eriogonum Kelloggii Gray, Dentaria integri-

folia Nutt., Erysimum asperum (Nutt.) DC, Streptanthus bar-

biger Greene (subspecies), Streptanthus glandulosus Hook,
(two subspecies)

.

Streptanthus Morrisonii subsp. hirtiflorus subsp. nov. A
subspecie Morrisonii altitudine tantum ad 8 dm. foliorum
paginis superioribus maculoso-versicoloribus paginis inferiori-

bus purpureotinctis calycibus hirsutissimis petalis albis pur-
pureovenosis siliquis plerumque reflexis discedit.

Strict or much branched and diffuse, up to 8.0 dm. tall;

upper surface of juvenile leaves heavily mottled with purple-
brown, lower surface uniformly purple; upper stem leaves
similar to those of the foregoing subspecies; inflorescence

secund; flowers abundant, scattered along the flowering
branches; calyx somewhat inflated, red-purple, up to 1.0 cm.
long, abundantly clothed in long hairs (0.2 cm.) which gives

the plant a grayish appearance; petals dull-white with purplish
veins, 1.0 cm. long; upper filaments broadly connate, orange-
colored with two longitudinal, parallel, purple stripes, exserted
and curved back over the petals in full anthesis; siliques abun-
dantly produced, up to 10.0 cm. long, 0.2 cm. wide, erect,

divergent or reflexed on the same plant.

Serpentine bluffs and talus slopes with western exposure.
This rare serpentine endemic was found by the author to oc-

cupy an area of not over one hundred square yards on west-
facing serpentine bluffs and slopes at the type locality. It has
not been collected elsewhere.

Type. Headwaters of East Austin Creek, a short distance
above Dorrs' Cabin, Sonoma County, California, June 16, 1948,

Freed Hoffman 2344 (Herbarium of the University of Cali-

fornia no. 936538)

.

Associated flora like that of subspecies Morrisonii with the
addition of Fremontia californica Torr.

Streptanthus Morrisonii subsp. elatus subsp. nov. A sub-
specie Morrisonii aspectu stricto altitudine ad 12 dm. foliis

longipetiolatis obovatis vel flabellatis paginis superioribus
dense tessellatis paginis inferioribus purpureotinctis siliquis

torulosissimis discedit.

Strict, remotely branched up to 12 dm. tall; upper surface
of juvenile leaves mottled with purplish-brown, lower surface

Explanation of Figure 3.

Fig. 3. Streptanthus Morrisonii subsp. hirtiflorus: a, seed, X 5;

b, seedling with cotyledons, X 1; c, juvenile growth of first season,
X % ;

d, unbranched habit of second year, x % ;
e, branched habit of

second year, x % ; f, fruiting branch, x % ; 9, lateral view of flower,
X 3; h, side view of stamens and pistil, x 3; i, lateral stamen, x 3;

j, upper connate stamens, x 3; k, lower partially connate stamens,
X 3; I, petals, x l;m, stigma, x 2.
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Fig. 3. Streptunthus Morrisonii subsp. hirtiflorus.
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uniformly purple, long-petioled, obovate or fan-shaped, promi-
nently veined, with margins entire basally and coarsely den-
tate apically; upper stem-leaves oblong-spatulate, cymbiform,
clasping; flowers produced towards the tips of ascending
branches; calyx greenish turning golden-yellow with age, gla-

brous or sparsely pubescent, up to 0.7 cm. in length; petals

white turning yellowish with age, recurved at the tips, lightly

veined with purple, up to 0.9 cm. long; upper filaments broadly
connate, exserted, uniformly greenish-yellow, strongly re-

curved; siliques erect or spreading, up to 7.5 cm. in length by
0.15 cm. in width, flattened, straight, very torulose.

Type. Serpentine outcrop on low saddle xk mile west of

White's Point, Table Mountain Road, ca. 5 miles east of Moun-
tain Mill House, Napa-Lake County line, May 3, 1947, A. R.

Kruckeberg 1438 (Herbarium of the University of California

no. 939444)

.

Associated flora: Pinus Sabiniana Dougl., Cupressus Sar-
gentii Jepson, Calochortus pulchellus Dougl., Fritillaria recurva
Benth., Quercus durata Jepson, Ceanothus Jepsonii Greene,
Eriodictyon californicum (H. & A.) Greene, Arctostaphylos vis-

cida Parry, Silene californica Dur., Dendromecon rigida Benth.,

Senecio Greenei Gray.

Streptanthus brachiatus sp. nov. Herba stricta vel patens
biennis usque ad 4.5 dm. alta foliis basalibus juvenibusque
flabelliformibus glabris glaucis eis brassicae similibus valde
venatis longipetiolatis supra tessellatis infra purpureotinctis
eis superioribus orbicularibus vel orbiculari-spathulatis etiam
subulatis sessilibus auriculatisque undulatis integris vel grosse
serratis calycibus roseopurpureis reticulatis glabris petalis albis

venis purpureis ornatis filamentis staminorum duorum superi-

orum eisque eorum duorum inferiorum inter se in paribus
connatis eis paris lateralis liberis siliquis torulosis erectis

seminibus apice alatis vel sine alis.

Strict, often somewhat woody biennial, up to 4.5 dm. tall;

forming in its first year rosettes of leaves that are cabbage-like
in texture, glabrous, glaucous, prominently veined, gray-
green, mottled with purple-brown above, uniformly purple
beneath, petioled (equaling the blade)

,
fan-shaped, margin

entire basally, coarsely dentate apically, in the second year the
original stem extending and producing more or less brachiate
branches bearing short-petiolate and sessile, undulate, auricu-

late, orbicular to orbiculate and oblong-spatulate, prominently-
veined leaves up to 2.5 cm. in width and 5.5 cm. in length with
entire or coarsely serrate margins or with the margins entire

basally and serrate apically, passing into narrowly-lanceolate,
usually toothed bracts; flowers 0.8 cm. long, zygomorphic,
ascending on pedicels 0.1-0.15 cm. long, disposed in discrete

racemes, bracteate or not; calyx rose-purple with yellowish
base, 0.5-0.6 cm. long, surface glabrous and reticulate with
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Fig. 4. Streptanthus Morrisonii subsp. elatus: a, seed, X 5; b, seed-
ling with cotyledons, x 1; c, juvenile rosette of first year, x Vz',

d, basal leaves, second year, x V2 ;
e, habit, X % ; f ,

inflorescence, X V2

;

g, basal leaf, x V2', h, stem leaf, x V2; i, lateral view of flower, x 3;

j, sepals, x V2; k, silique, x V2', I, stigma, x 3;m, stamens lateral and
front views, x 2.
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Fig. 5. Streptanthus brachiatus: a, seed, x 5; b, seedling, x 2;

c, juvenile rosette, x Vz\ d, growth of first season, x xk\ e, one type
of adult leaves and branching, x xh\ f, another type of leaves and
branching, x V2', 9, flowering branch with flowers and fruit, X V2',

h, lateral view of flower, x 2V2; i, sepals, x 2; j, petals, x 2; fc, androe-
cium and gynoecium, x 3; I, stigma, x 3.
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fine lines; sepals broadly lanceolate with recurved, scarious

tips, prominently keeled, the keel of the lateral sepals a deeper
purple; petals white, 0.8 cm. long, recurved, the upper with
faint purplish, forked veins, the lower with a deep-purple,
palmate-branching blotch; stamens in three sets, the upper
set 0.8 cm. long, exserted, recurved, filaments orange-colored
with two, longitudinal, purple lines, connate to the reduced
anthers, the lower set 0.5 cm. long, exserted, recurved, connate
for about one-fifth of their length, greenish, with large anthers
0.2 cm. long, the lateral set free, 0.4 cm. long, usually included,

with arcuate filaments and large anthers 0.2 cm. long; siliques

erect, flattened, torulose, purplish, up to 6.5 cm. long, 0.15 cm.
wide; seeds greenish-brown, narrowly-elliptic, 0.1 cm. wide,
0.25 cm. long, winged at the tip or not, cotyledons accumbent;
style short; stigma round, entire.

Type. Exposed serpentine ridge near Contact Mine, east of

Pine Flat, Sonoma County, California, on the Sonoma-Lake
county line at an elevation of 3000 feet, June 5, 1949, Krucke-
berg and Hoffman 2905 (Herbarium of the University of Cali-

fornia no. 936539)

.

Associated flora: Pinus attenuata Lemmon, Bromus rubens
L., Poa scabrella (Thurb.) Benth., Allium falcifolium H. & A.,

Iris macrosiphon Torr., Quercus durata Jepson, Eriogonum
vimineum Wats., Streptanthus glandulosus Hook., Adenostoma
fasiculatum H. &. A., Photinia arbutifolia Lindl., Pickeringia
montana Nutt., Ceanothus integerrimus H. & A., Ceanothus
Jepsonii Greene, Rhamnus californica Esch., Umbellularia cali-

fornica Nutt., Arctostaphylos viscida Parry, Solanoa purpuras-
cens (Gray) Greene, Eriodictyon californicum (H. & A.)

Greene, Senecio Greenei Gray, Rhus diversiloba T. & G., Sitan-
ion jubatum J. G. Sm.

The author wishes to acknowledge his appreciation to Dr.
Arthur Rice Kruckeberg of the University of Washington,
ardent student of serpentine problems, for advice and assist-

ance; to Dr. Rimo Bacigalupi, Curator of the Jepson Herbarium
and Library, University of California, for the Latin diagnoses
accompanying this article; and to the other staff members of

the Herbarium of the University of California who have made
available to him the facilities of that institution.

Guerneville, California
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TAXONOMIC INTERRELATIONSHIPS IN THE
QUERCUS DUMOSA COMPLEX

John M. Tucker

The most perplexing taxonomic problems in the Californian
oaks have centered around the highly variable scrub oak,

Quercus dumosa Nutt., and its closest relatives. The interpreta-

tion and taxonomic status of certain of these entities have
varied widely with different authors. One major factor con-
tributing to the difficulty has been the lack of sharply denned
genetic barriers between these oaks. In one part or another
of its range, Q. dumosa evidently intergrades to a greater or

lesser degree with several of its relatives: Q. durata Jepson,

Q. Engelmannii Greene, Q. Macdonaldii Greene, and Q. turbi-

nella Greene. The last-named oak intergrades conspicuously,
in turn, with Q. Douglasii H. & A.

A study of interrelationships between certain of these oaks
has led to conclusions that vary somewhat from the treatments
accorded them in current manuals. Since a large part of the
results of this study is being published in an essentially non-
taxonomic journal (Tucker, in press), it seems appropriate
to record the taxonomic conclusions here. The following notes
concern Quercus turbinella Greene, Q. dumosa Nutt., Q. Alvor-
diana Eastwood, and Q. Douglasii H. & A. They include the
publication of a new subspecies and a new combination, as

well as discussions of reasons for the decisions expressed
herein.

The writer is indebted to Professors Lincoln Constance
and Herbert L. Mason for suggestions and constructive criti-

cism in the preparation of this paper. Thanks are due, also,

to the curators of the following herbaria for the loan of speci-

mens; the latter are cited in the text by the abbreviations
proposed by Lanjouw (1939, 1941) : Arnold Arboretum, Har-
vard University (A) ; California Academy of Sciences (CAS)

;

Dudley Herbarium, Stanford University (DS) ; New Mexico
College of Agriculture and Mechanic Arts 1
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(SD) ; Sul Ross State College, Alpine, Texas 1

; Utah State Agri-
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from these herbaria are not cited herein, no abbreviations are desig-
nated.
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Fig. 1. Distribution of Quercus turbinella in southwestern United
States and Mexico.

Quercus turbinella Greene

Quercus turbinella was described from specimens collected

by G. W. Dunn in Lower California ".
. . some twenty or thirty

miles below the United States boundary in September, 1888

. .
." (Greene, 1889-90, p. 38) . Its history in botanical literature,

however, goes back many years earlier. Thus, collections

apparently of this oak (Trelease, 1924, pi. 207) made by Fre-
mont on his expedition of 1843-44, were cited by Liebmann in

his original description of Q. berberidifolia (although Lieb-
mann's type was evidently a specimen of Q. dumosa Nutt.)

.

Engelmann was familiar with this shrubby oak, but associated
it with Q. pungens Liebm., which he treated as a variety of

Q. undulata (1876-1877; and in Watson, 1880).
Following his original description of Quercus turbinella,

Greene mentioned that it occurred in the vicinity of Campo,
San Diego County (a statement which seems open to question)

,

in addition to the mountains of Lower California. The follow-
ing year he mentioned having seen a specimen from the bor-
ders of the Mojave Desert, and also a similar oak in north-
western Arizona, both of which he considered to be conspecific

with his Q. turbinella (1889-1890, p. 59). (For the geographical
distribution of Quercus turbinella as recognized by the present
author, see fig. 1.)

Subsequent to Greene's original description, this oak has
been accorded various treatments by different authors. Some
have considered the Californian and Lower Californian mate-
rial to be conspecific with that from Arizona and eastward.



236 MADRONO [Vol. 11

Others have treated only the former populations under
Greene's name and, implicitly or explicitly, have considered
the Arizona material to represent a different species. Some
have followed Greene in considering Quercus turbinella

a species distinct from Q. dumosa, others have treated it as a

variety of the latter, and still others have not accorded it even
varietal status, regarding it as merely a form of the latter.

Two principal questions are apparent in this taxonomic
confusion. (1) Are the populations of southern California,

Lower California, and Arizona and eastward all conspecific,

or are there sufficient grounds for recognizing more than one
species? (2) Is Quercus turbinella specifically distinct from
Q. dumosa, or should it more properly be placed in an infra-

specific status under the latter? In this study these problems
have been considered in some detail.

The Component Elements of Quercus turbinella

As previously mentioned, Greene considered specimens
from near Campo, San Diego County, and from the border
of the Mojave Desert to be specifically identical with his Lower
Californian type. In fact, all subsequent treatments of Quercus
turbinella seen by the author have borne the implication that

the Lower Californian population of the species is simply a

southward extension of the population of southern California.

Regarding the obviously related shrubs he had observed in

northwestern Arizona, Greene at first suspected them to be
Q. pungens Liebm. and felt that his Q. turbinella might possibly
have to be regarded as a geographical subspecies of it (1889—

90, p. 59) . Shortly thereafter, however, having had the oppor-
tunity to examine Liebmann's type of Q. pungens, Greene
concluded (1890) that the Arizona shrubs were "not at all

referable" to the latter but represented a "slightly aberrant
form" of his Q. turbinella.

Later authors have expressed a variety of opinions in regard
to the relationship between the populations of Arizona and
California. Sargent (1895) regarded the Arizona material as a

form of Quercus undulata Torr., and the Californian and Lower
Californian material as a form of Q. dumosa. Neither Jepson
(1909, 1910, 1925), Munz (1935), Abrams (1910, 1940), nor
McMinn (1939) mentioned the occurrence of Q. turbinella (or

Q. dumosa var. turbinella or Q. dumosa, sensu lato, depending
on the author) to the east of California. From this it is evident
that these authors did not include the population of Arizona
and eastward in their concept of Q. turbinella. One may pre-
sume that they associated the eastern material with Q. undulata
or Q. pungens as Sargent and Engelmann had done. Wooton
and Standley (1915) listed Q. turbinella in their enumeration
of the oaks of New Mexico, but expressed the opinion that the
specimens they referred to this species might more properly
belong to Q. pungens. Trelease (1924) recognized that a close
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relationship existed between the Arizona population and the

populations of southern and Lower California, but he followed

Jepson in his treatment of the latter two (as Q. dumosa var.

turbinella), and elevated the former to specific rank, as Q.

subturbinella Trel.

On the other hand, Tidestrom (1925) and Muller (1940;

and in Kearney and Peebles, 1942) made no taxonomic distinc-

tion between the populations of southern California, Lower
California, and Arizona and eastward, treating them all under
Quercus turbinella. It may be noted, incidentally, that in the

opinion of Muller, contemporary student of southwest Ameri-
can oaks, Q. turbinella and Q. pungens are not closely related

and not even superficially similar (in Kearney and Peebles,

1942).

The pattern of morphological variation exhibited by an

extensive series of specimens is correlated with geographical

distribution. On the basis of several differences (discussed

below) the species population as a whole is clearly divided into

eastern and western sub-populations. The latter occupies an
area entirely within California, extending from central San
Benito County southeastward in the inner South Coast Ranges
to the mountain slopes on or near the southern and western
borders of the Mojave Desert in southern California. The for-

mer occupies an area extending from the Charleston Moun-
tains in southern Nevada, the New York Mountains in eastern

San Bernardino County, California, and the higher mountains
of northern Lower California, eastward through Arizona to

western Texas, and presumably into northern Mexico. Since
the type locality is in Lower California, for purposes of com-
parison the species population in this area will be treated

as a third geographical sub-population. Evidently there are
geographical discontinuities separating these three sub-popula-
tions (fig. 1), although they may be no greater than others
existing elsewhere in the range of the species.

In order to elucidate the statements made above, the mor-
phological relationships of the three sub-populations mentioned
will now be considered. A comparison of the Californian with
the mainly extra-Californian sub-population east of the Mojave
Desert will be considered first; these two will then be com-
pared with Greene's type and other collections from Lower
California.

Several fairly well-marked morphological differences exist

between the Californian and eastern sub-populations, although
the magnitude of some of these is rather small. The following
tabulation will serve to summarize them. The first five are
the most constant, the final two being merely rather strong
tendencies. A tendency to differ in the relative thickness of the
margin of the accorn cup may be noted in some specimens, also.

In the Californian sub-population the cups, as seen in section,
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Table 1. Morphological Differences between Eastern and Cali-
fornian Sub-populations of Quercus turbinella.

Q. turbinella of Arizona and
eastward

1. Spinose dentation of leaf mar-
gin often quite regular, the
teeth often directed outward
and forward.

2. Leaf base rounded to cordate,
the blade not at all decurrent
along the petiole.

3. Leaves usually oblong (to
ovate) with pointed (spinosely
acute to obtuse) apices.

4. Fruit usually distinctly pedun-
culate.

5. Nuts usually short (12-23 mm.
long), and cylindric-ovoid or
-ellipsoid, tapering rather
abruptly toward the apex.

6. Nuts commonly buff-colored or
light yellowish-brown.

7. Cups much more commonly
hemispheric or sub-hemispheric
than turbinate.

Californian Q. turbinella

1. Dentation of leaf margin more
or less irregular.

2. Leaf base variable— from
rounded to cuneate, only rarely
cordate, the blade tapering into

or often minutely decurrent for
a short distance on the petiole.

3. Leaf shape variable—elliptical,

sub-orbicular, oblong, or ovate,
often with more or less rounded
apex.

4. Fruit usually sessile, or nearly
so.

5. Nuts longer (20-30 mm. long),
commonly conical-ovoid, taper-
ing gradually to the apex.

6. Color of nuts variable, often
light brown to dark brown

7. Cups as commonly turbinate
as hemispheric to shallowly
cup-shaped.

often taper to a noticeably thin margin, whereas in the eastern
sub-population the thickness is more commonly maintained out
to the margin.

Although no one of these is completely constant, this series

of differences will usually serve to distinguish between indi-

viduals of these two general sub-populations.
Although I have not examined the type specimen of Quercus

turbinella, illustrations of it (Greene, 1889-90, pi. 27; Trelease,

1924, pi. 206) indicate that it is distinctly more similar to

Arizona specimens than to those of California, in the following
respects:

1. The oblong to oblong-ovate leaves, with regular spin-

ose dentation and rounded bases, clearly represent
the leaf form so commonly encountered in specimens
from Arizona and eastward, a form that is rarely

duplicated in collections from California (exclusive of

the New York Mountains)

.

2. The fruit is distinctly moderately pedunculate.
3. The nuts are cylindric, tapering abruptly near the

apex, rather than conical-ovoid and tapering gradii-

ally.

On the other hand, the long acorns and turbinate cups of

the type are more characteristic of the Californian sub-
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population. Still, either character may occur, albeit infre-

quently, in Arizona material.

Essentially the same similarities to the eastern sub-

population have been noted in every specimen from Lower
California examined thus far: San Pedro Martir region, 1902,

Heller (UC) ; 45 miles southeast of Tecate, Munz 9531 (POM)

;

rocky mountains east of Santa Gertrudis, Purpus 143 (UC)

;

between San Pedro Martir Mission and Santo Tomas, Sierra

San Pedro Martir, Wiggins 9050 (DS) ; between Ojos Negros
and Neji Rancho, Wiggins & Gillespie 4148 (POM) ; between
Neji Rancho and town of Alaska, Wiggins & Gillespie 4168

(POM). Plate 208b of Trelease's monograph illustrates still

another specimen (Tantillas Mountains, Lower California, 1875,

Palmer 29) showing essentially these similarities. (Although
the plate is captioned "Quercus dumosa crispata," the specimen
is referred to "Quercus dumosa turbinella" as "f. crispata' in

the text, p. 117.) Moreover, of these specimens, Munz 9531,

Wiggins & Gillespie 4168, Wiggins 9050, and Trelease's plate

208b all exhibit cup and (or) nut characters that are exactly

like those of specimens from Arizona and eastward. It is evi-

dent, therefore, that the turbinate cups and elongated nuts
which Greene's type exhibits— the two characters which show
a resemblance to the Californian sub-population—are not the
only forms to be found in Lower California, nor do they seem
even to be the most common ones.

Morphologically, therefore, the Lower Californian sub-
population differs from the Californian, but is virtually indis-

tinguishable from the eastern sub-population. Geographically,
it appears to be isolated from both.

|
The nearest recorded

location in Arizona encountered to date is: Horse Tanks, Castle
Dome Mountains, Yuma County, Benson & Darrow 10839
(POM) .

|
The southern limit of Quercus turbinella in Cali-

fornia is obscured by gradually increasing intergradation with
Q. dumosa, as one proceeds southeastward from the region of

Cajon Pass in San Bernardino County. This matter will be
discussed more fully later in a consideration of the relationship
between Q. turbinella and Q. dumosa. Suffice it to say for the
time being, however, that I have seen no specimens truly
characteristic of the southern Californian sub-population ob-
tained south or southeast of the area of Morongo Pass, San
Bernardino County.

Although the morphological differences between the Cali-
fornian and mainly extra-Californian sub-populations do not,

in my opinion, provide sufficient basis for maintaining the two
as distinct species, these differences do suffice to separate them
taxonomically as distinct subspecies.

Quercus turbinella Greene subsp. turbinella. Q. subturbi-
nella Trel., Mem. Nat. Acad. Sci. 20: 95, 1924.
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Shrub, or infrequently a small shrubby tree to 5 m. tall.

Twigs of the current year's growth rather slender, 1-2 mm. in

diameter, short yellowish-tomentose, usually densely so, infre-

quently glabrate. Buds 1-2.2 mm. long, globose to subglobose,
glabrescent and reddish-brown. Leaves evergreen, 15-35

(rarely more) mm. long, 10-25 mm. wide, usually oblong or
ovate-oblong to ovate, the apex spinosely acute to obtuse, the
base rounded to cordate, the lamina not at all decurrent on
the petiole, the margin spinose-dentate, the dentation usually
quite regular with the teeth often directed outward and for-

ward, gray to grayish-green in color and commonly glaucous;
pubescence of microscopic stellate and uniseriate, yellow,
glandular trichomes, the former type on both upper and lower
surfaces, although less abundant on the upper, the latter type
restricted to the lower surface; main secondary veins about
5-7 on either side of midrib, passing into the marginal spines;

petioles 2-3 (rarely to 5) mm. long. Fruit annual, usually dis-

tinctly pedunculate, the peduncle quite variable in length;

cups commonly hemispheric, to infrequently turbinate, rather

small, 8-11 (rarely more) mm. in diameter, the cup scales only
slightly (or not at all) tuberculate; nuts about 12-23 mm. long,

cylindric-ovoid or -ellipsoid, tapering rather abruptly toward
the apex, commonly buff-colored or light yellowish-brown.

Type. Twenty or thirty miles below the United States

boundary, in Lower California, Mexico. September, 1888, G. W.
Dunn (Greene-Nieuwland Herbarium, Notre Dame Univer-
sity) .

Range. Extending from the Charleston Mountains in south-

ern Nevada, the New York Mountains in eastern San Bernar-
dino County, California, and the higher mountains of northern
Lower California, Mexico, eastward through Arizona to west-
ern Texas, and presumably into northern Mexico.

Quercus turbinella Greene subsp. ccriifornicct subsp. nov.
A Querco turbinella subsp. turbinella foliis basi rotundatis vel

cuneatis rare cordatis in petiolum saepius transeuntibus vel

breviter decurrentibus margine plus minusve irregulariter

dentatis fructu sessili plerumque longiore (20-30 mm. longo)
conico-ovoideo ad apicem versus sensim fastigante discedit.

Differs from typical Quercus turbinella in the following
characters: the leaf base, although variable in character, is

rarely cordate, being rounded to cuneate, the lamina often
tapering into or being decurrent for a short distance upon the
petiole; dentation of the leaf margin is usually more or less

irregular; the fruit is sessile, the nuts are usually longer, 20-30

mm. in length, and are commonly conical-ovoid, tapering grad-
ually to the apex. Other characters in which the subspecies
californica tends to differ are the following: leaf shape is, in

general, more variable—elliptical, sub-orbicular, oblong, or

ovate—the apex often more or less rounded; the cups are as
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often turbinate as hemispheric, and are often thinner on the

margins than in the typical subspecies, and the color of the

nut, although variable, is often rather dark brown.

Type. About 2 miles northeast of summit of Caliente Moun-
tain, southeastern San Luis Obispo County, California, October

2, 1948, Tucker 1886-16 (i.e., no. 16 of the population sample
Tucker 1886) (UC 938396).

Range. Extending from central San Benito County, Cali-

fornia, southeastward in the inner South Coast Ranges to the
mountain slopes on or near the southern and western borders
of the Mojave Desert in southern California.

Relationship between Quercus turbinella and Q. dumosa

Greene recognized the close affinity of his Quercus turbi-

nella to Q. dumosa, but was convinced, nevertheless, of the
specific distinctness of the two (1889-90; 1890). In his original

description of the former, he stated that it occurs "about
Campo, in San Diego County" despite the fact that Engelmann
had referred earlier collections of his, from the mountains of

San Diego County, to Q. dumosa.

In my opinion Engelmann was more nearly correct than
Greene in his interpretation of the material from San Diego
County. The specimens from the vicinity of Campo which I

have examined are closer to Quercus dumosa than to Q. turbi-

nella; these are: 3 miles west of Campo, Dec. 18, 1945, J. Ashley
(JMT)

;
Campo, Abrams 3553 (DS) ; Warren's Ranch, Campo,

Eastwood 9417 (POM) ; Geo. Meikle's Ranch, Campo, Nov. 1903,

Meikle (DS, POM) . Hence, Greene's inclusion under his new
species of material from San Diego County has been a source
of long-standing confusion.

Sargent (1895) reduced Greene's species to synonymy,
treating the material from Arizona as a form of Quercus undu-
lata, and the material from California (and presumably Lower
California) as a form of Q. dumosa. Jepson (1909 et seq.)

treated Q. turbinella as a variety of 0. dumosa. Abrams origi-

nally (1910) regarded them as two distinct species. It is evi-

dent, even so, that the latter's concept of Q. turbinella was
based on specimens (of Q. dumosa) from the vicinity of Campo,
San Diego County (cf. p. 348, op. cit.) . The actual Californian
population of Q. turbinella he treated as Q. Alvordiana, listing

it also as a distinct species. In both printings of his later work,
"Illustrated Flora of the Pacific States" (1923 and 1940), the
same concept of Q. turbinella is apparent, although here it is

treated as a variety of Q. dumosa. By implication, however, he
regarded Greene's species (Abrams' "Q. Alvordiana" ) as dis-

tinct from Q. dumosa.
Within recent years the two extremes of opinion have con-

tinued to be voiced, McMinn (1939) regarding Quercus turbi-

nella as a form of Q. dumosa not worthy of subspecific status,
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and Muller regarding the two as distinct species. Muller is

aware of the broad area to the east of California where the
former is relatively constant and morphologically quite dis-

tinct from Q. dumosa. Throughout this area, of course, it has no
contact with the latter. His conception of the species as it occurs
in southern California is that of "... an unstable intergrading
population tending toward Q. dumosa but still representative
of Q. turbinella" (1940, p. 716)

.

As we have seen in the preceding section, the Lower Cali-

fornian sub-population of Q. turbinella is isolated geographi-
cally (and is subspecifically distinct) from the sub-population
of southern California. Similarly, Dr. Ira L. Wiggins has
informed me (oral communication) that from his observations
in the field there, Q. turbinella is apparently completely iso-

lated from Q. dumosa (which, however, does occur in northern
Lower California) . He knows of no area where intergradation
occurs between the two. The former occurs along the eastern
escarpments of such high ranges as the Sierra San Pedro
Martir, as well as in some of the intermontane valleys. The
latter occurs at lower elevations in the chaparral of the western
coastal slopes. I have seen no specimens from the region that

appear to be in any degree intermediate.

The sub-population of southern California is another mat-
ter. Here Quercus turbiyiella is the scrub oak component of the
pinyon pine-juniper association of arid mountain slopes near
or bordering the desert. Quercus dumosa is a common element
of the slightty more mesophytic interior chaparral subjected,
through much of the year, to hot and dry—but not desert

—

conditions. Although these two oaks intergrade in transitional

areas, much of the oak chaparral on the arid desert side of the
higher ranges of southern California, particularly northwest-
ward from the region of Cajon Pass, seems to be little or not
at all affected. The following are representative specimens of

Q. turbinella from such areas. San Bernardino Co.: 5 miles east

of Big Pine, Benson 12245 (POM) . Los Angeles Co.: road from
Rock Creek to Big Pines, Munz & Johnston 11182 (POM)

;
Big

Rock Creek, Munz 6822 (POM). Kern Co.: Frazier Mountain
Park, Benson 3613 (POM, UC). Ventura Co.: Seymour Creek,
Mountain Pinos, Munz 6985 (POM)

;
Highway 399, 11.9 miles

south of junction with Highway 166, Tucker 1540, 1541 (JMT).
Santa Barbara Co.: Salisbury Canyon, Sierra Madre Moun-
tains, Tucker 1885 (JMT). San Luis Obispo Co.: 2 miles north-
east of Caliente Mountain, Tucker 1886 (JMT)

.

In addition to the areas mentioned above, in northern Los
Angeles, Ventura, and Santa Barbara counties and southeastern
San Luis Obispo County, Quercus turbinella extends discon-
tinuously northwestward as far as central San Benito County
in the inner South Coast Ranges. It also occurs on the western
side of the Salinas Valley in Monterey County and on the
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desert slopes of the Tehachapi Range. Although through some
of these latter areas it intergrades conspicuously with Q. Doug-
lasii, its contact with Q. dumosa appears to be negligible, and
this part of the Californian population will not be considered
further here.

A comparison of southern Californian Quercus turbinella

in its most distinctive state with typical Q. dumosa reveals

several morphological differences:

Table 2. Morphological Differences between southern Cali-
fornian Quercus turbinella and Q. dumosa.

Q. turbinella
1. Upper leaf surface gray to

gray-green; dull, not shining.

2. Leaf margin spinose -dentate
(teeth with definite short spines
to 1 mm. long).

3. Youngest twigs densely yellow-
gray tomentose.

4. Acorn cups thick.

5. Cup scales scarcely (or not at

all) tuberculate.

6. Cups turbinate to sub-hemi-
spheric (or deep cup-shaped)
but the margins not turning in-

ward.

2.

Typical Q. dumosa
Upper leaf surface green and
shining.

Leaf margin usually mucron-
ate-dentate to entire or sub-
spinose; only infrequently defi-

nitely spinose.

Youngest twigs pubescent to

glabrate and brownish.

Acorn cups thick.

Cup scales (especially basal
ones) usually strongly tubercu-
late.

Cups hemispheric to about 2/3
spherical, the margins tapering
inward.

In areas of transition between the habitats characteristically

occupied by these two oaks, they tend to intergrade. For the
purpose of studying this intergradation, three series of popula-
tion samples were collected along transects across this zone
(fig. 2).

The results of this study (which will be reported at a future
date) indicate that in areas where Quercus turbinella and Q.
dumosa meet, interbreeding and genie interchange (intro-

gression) have taken place. In the northern part of their zone
of contact—in northern Ventura and Los Angeles counties

—

it is evident, however, that one entity does not merge gradually
into the other. Although populations of both have clearly been
somewhat modified by introgression, their differences, in gen-
eral, have not been "swamped out". Even where individuals
of both entities occur together in the same immediate habitat,

the morphological gap between them is at the most only par-
tially bridged by intermediate forms. In the area of the third
transect—Cajon Pass in southwestern San Bernardino County
—interbreeding has produced still greater modification in both
Q. dumosa and Q. turbinella.

In addition to these three series of population samples, a
number of miscellaneous herbarium specimens of these oaks
has been studied. In general, characters of Quercus dumosa
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Fig. 2. Location of transects across the zone of intergradation be-
tween Quercus turbinella and Q. dumosa. (Cross-marks on each tran-
sect indicate the distance over which population samples were taken,
not the extent of the zone of intergradation.)

become more and more prevalent in specimens of Q. turbinella
from desert slopes eastward and southeastward from the area
of Cajon Pass. Indeed, the few specimens seen from the desert
mountains of Riverside County, although for the most part
intermediate, are, in general, nearer to Q. dumosa than to

Q. turbinella. Most of the specimens from desert border moun-
tains in San Diego County, also, exhibit a preponderance of

Q. dumosa characters. In my opinion, therefore, this material
is best referred to Q. dumosa, rather than to Q. turbinella.

The typical subspecies of Quercus turbinella differs from
Q. dumosa in all the morphological differences listed in Table 2

except that of cup shape. In addition, the fruit is usually dis-

tinctly pedunculate while in Q. dumosa it is sessile or subsessile.

Moreover, the two taxa occupy quite different ecological situa-

tions, and apparently are completely isolated from one another
geographically. If only these two entities were involved, tax-
onomists would probably be unanimous in considering them
two distinct species.

The Californian subspecies differs from typical Quercus
dumosa to a slightly lesser degree perhaps, but in their most
characteristic states they are certainly as distinct from each
other morphologically as are the members of several other
pairs of closely related western oaks (e.g., Q. dumosa and
Q. durata; Q. oblongifolia and Q. Engelmannii; Q. Garryana and
Q. Gambelii). Characteristically, the two are separated ecologi-

cally, also.
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It might be argued that the extent of intergradation be-

tween Quercus dumosa and Q. turbinella in southern California

is evidence enough that they have not evolved beyond the level

of subspecies. The general validity of this argument, as applied

in many Angiosperm genera, cannot be denied. It is certainly

undeniable, also, that the relationship between the two entities

considered here is very close, and that they could be considered

conspeciflc with some justification. However, to regard all

entities that are linked by interbreeding as subspecies of a

single species is an idea scarcely to be entertained seriously

by the student of the genus Quercus. My observations and
those of others indicate that interbreeding takes place between
a number of the Californian white oaks. Quercus Engelmannii
interbreeds with Q. dumosa in southern California, and some
of the variability of the latter in Riverside and San Diego
counties is probably due to introgression of genie material

of the former. Quercus dumosa interbreeds with both Q. durata

(in the foothills of the San Gabriel Range 2
) and Q. turbinella.

Quercus turbinella interbreeds conspicuously with Q. Doug-
lasii in the inner South Coast Ranges (Tucker, in press) , and

Q. Douglasii interbreeds with Q. Garryana at least locally in

northern California (Dobzhansky, 1941) . To consider this chain

of oaks conspecific on the basis of the lack of clearly defined

genetic barriers between them would result in a classification

tending more to obscure than to clarify their phylogenetic
relationships. There seems to be considerable paleobotanical
evidence indicating a northern origin for Q. Garryana (Chaney,
1944) and a Mexican or southwestern American origin for

others, such as Q. turbinella (Axelrod, 1940)

.

Problems of taxonomic status of this sort obviously are
matters requiring a consideration of all available evidence and
the exercise of careful judgment. Since the degree of morpho-
logical difference between typical Quercus dumosa and Q. tur-

binella is as great as that between a number of other closely

related oaks that are customarily regarded as distinct species,

occupy essentially distinct geographical areas, and have dif-

ferent ecological preferences, it is my opinion that the most
practicable taxonomic classification is to regard them as two
species despite their intergradation in part of their zone of

contact.

2 In the canyons and lower slopes of the San Gabriel Range
north of Pasadena and eastward, the scrub oak population frequently
combines the characteristics of both Q. dumosa and Q. durata. On the
basis of herbarium specimens alone, their specific distinctions appear
to be completely obliterated. None but a purely arbitrary line of
demarcation can be drawn between the infrequent specimens which
exhibit a preponderance of Q. durata characters and the more common
intermediate types which grade into more typical Q. dumosa. The
scrub oak population as far east as Cajon Pass seems to show, in
varying degree, some characters of Q. durata.
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Quercus Alvordiana

Ever since Quercus Alvordiana Eastwood was first described
(1905), it has been one of the problematic entities among the
Californian oaks. Several different interpretations have been
accorded it, and its taxonomic status has varied with different

authors. At one extreme has been its recognition as a distinct

species, while at the other its existence as an entity worthy of

even varietal recognition has been denied.

Sudworth (1908) included Quercus Alvordiana in his "For-
est Trees of the Pacific Slope," passing over it very briefly but
noting an apparent close relationship with Q. dumosa. Jepson,
in his "Flora of California" (1909), reduced Q. Alvordiana to a

variety of Q. dumosa, and accorded it the same treatment in his

later works (1910, 1925). Abrams (1910, 1923 & 1940) assigned
Q. Alvordiana specific rank, but his concept was evidently
based on Q. turbinella. Trelease (1924) cited Q. Alvordiana
under Q. dumosa as "f. Alvordiana Jepson, Silva Calif., p. 218,

1910." (This is an erroneous citation; to my knowledge, this

combination was never published by Jepson.) Munz (1935)

followed Jepson in treating Q. Alvordiana as a variety of

Q. dumosa. McMinn (1939) listed Q. Alvordiana under Q.
dumosa without according it even varietal status. He made the
interesting observation that "In the inner South Coast Ranges
from the San Carlos Range to the San Emigdio Mountains of

Kern County this species [Q. dumosa] apparently hybridizes
with Q. Douglasii, . .

." This is an observation of special signifi-

cance in any consideration of Q. Alvordiana.
The original description of Quercus Alvordiana is brief and

in very general terms, and includes several points that might
apply as readily to Q. turbinella (with which it has been con-
fused) as to the type. A more important factor contributing
to the confusion has undoubtedly been the illustration (op.

cit., pi. 27, fig. 4) accompanying the description—a photograph
of a small twig bearing several leaves and an acorn. This figure

closely simulates Q. turbinella of southern California, although
the acorn is somewhat longer than is characteristic for the
latter. Examination of the actual twig (filed with the type
specimen, CAS 1034) confirms this. Indeed, upon the back of

the envelope in which the twig is kept, appears the inscription

in Miss Eastwood's handwriting: ''Quercus turbinella!" Obvi-
ously, then, the original description of Q. Alvordiana was illus-

trated with a specimen that is scarcely distinguishable from
Q. turbinella.

The type specimen (fig. 3) , on the other hand, is distinctly

different from Quercus turbinella in several characters: (1) the
upper leaf surfaces are darker in color, (2) the leaf margins,
although often dentate, tend to be fairly smooth (not at all

spinose as in Q. turbinella), and some leaves are nearly or quite
entire, and (3) the buds are ovoid rather than globose or sub-



Fig. 3. Type specimen of Quercus Alvordiana.
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globose. Aside from the small leaf size and characters of the

acorns—which are points of similarity to Q. turbinella—this

specimen is much closer to Q. Douglasii. Taking all its char-

acters into account, it could be considered aberrant Q. Doug-
lasii. There would seem to be little doubt, then, that the type

specimen and the twig photographed for the illustration repre-

sent material from two quite different individuals.

The type was collected by Eastwood in San Emigdio Can-
yon, Kern County, California, October 2, 1894. In what is

evidently the original inscription on the label, the specimen
was named "Quercus dumosa Nutt." and described as a "small

tree." Another inscription occurs on the label along its upper
margin: ''Quercus Douglasii, fide Sargent"; a third occurs

beside the label on the sheet itself: "Quercus Alvordiana East-

wood Type." All three are in Miss Eastwood's handwriting,
and each is written in a different type of ink, suggesting a

different time of writing for each. Thus, apparently the speci-

men was first regarded as Quercus dumosa by Eastwood, then
following C. S. Sargent, as Q. Douglasii, and finally, as a new
species, Q. Alvordiana, with this specimen as type. I have seen
ten different Eastwood collections (from the Herbarium of the
Arnold Arboretum) from San Emigdio Canyon, all but two of

which bear the same date as the type. Morphologically they
represent a series of forms ranging from slightly aberrant

Q. Douglasii (no. 72: "largest tree of the kind seen in the can-
yon") , through several intermediate forms (nos. 122—an iso-

type, 123, and 74; all described as small trees), to individuals
of Q. turbinella (nos. 120, 121, and Mar. 27, 1893, Eastwood
sine no.).

Eastwood recognized several of these specimens as Quercus
Douglasii judging by the names on their labels. In considering
the several intermediate forms, it is interesting to note Sar-
gent's statement that ".

. . in the herbarium it is not always
easy to distinguish some of the southern forms of this species

\Q. Douglasii] from the green-leaved Quercus dumosa, and
Miss Eastwood suggests that natural hybridizing between these
trees would account for the apparent running together of the
two species . .

." (1895, 8: footnote, p. 79). No mention of

hybridization is made, however, in the original description of

Q. Alvordiana, nor any mention of its affinities to other species.

Previous to studying these collections from the type locality,

however, I had gained an impression from several sources that
Quercus Douglasii and Q. turbinella were involved in the
makeup of Q. Alvordiana. (The binomial, Quercus Alvordiana,
is being used only for convenience of reference; I do not accord
this entity the status of species.) Most revealing were observa-
tions made in the Vegetative Type Map Herbarium, Berkeley,
several years ago. A number of specimens had been noted
which were intermediate in varying degrees between Q. Doug-
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lasii and Q. turbinella, some being more like one, others more
like the other. The specimens with larger and darker-colored
leaves had been identified as Q. Douglasii, those with smaller
leaves had been named Q. dumosa (although, according to

their collection data, most of them were trees, e.g., T. M. Hen-
drix 215: tree 35 feet tall, 18 inches in trunk diam. at breast
height) or Q. dumosa var. Alvordiana, and a number had been
filed in the "undetermined" folder with no specific name at all.

For the most part they were from the inner South Coast
Ranges, the western side of the Salinas Valley in southern
Monterey County, and the Mount Pinos area (including San
Emigdio Canyon)

.

The postulate was made that Quercus Alvordiana has arisen

through interbreeding between Q. Douglasii and Q. turbinella.

Rather than follow the narrow practice of applying the name
Quercus Alvordiana only to forms that resemble the type
specimen more or less closely, a broader concept was adopted,
under which this name is used in reference to intermediate
populations, and the intermediate individuals of mixed popu-
lations (in which individuals of Q. Douglasii and Q. turbinella

occur)

.

In order to test this hypothesis, a series of population
samples was collected in a number of areas in the range of

Quercus Alvordiana (essentially the areas where the ranges
of Q. Douglasii and Q. turbinella overlap) as well as in areas
where the presumed parental species occur far removed from
one another geographically. A total of 39 such collections was
made. For their analysis, a "hybrid index" (Anderson, 1936)

was constructed, based on a number of the most constant
differences between Q. Douglasii and Q. turbinella as deter-

mined from an extensive series of miscellaneous herbarium
specimens.

Table 3. Most Constant Differences between Quercus turbi-
nella and Q. Douglasii.

Quercus turbinella

1. Shrub, rarely a small shrubby
tree (to 5 m. tall).

2. Mature terminal buds globose
to subglobose.

3. Mature leaves 15-35 (rarely 40)
mm. in length.

4. Leaf margins spinose-dentate.

5. Color of upper leaf surface
gray to grayish-green.

6. Stellate trichomes of lower leaf
surface with 7 or more (com-
monly 8) rays.

Quercus Douglasii

1. Tree, medium-sized to rather
small (7 m. tall).

2. Mature terminal buds ovoid to
broad-ovoid.

3. Mature leaves 30-70 (rarely 90)
mm. in length.

4. Leaf margins crenate-dentate
or -lobed to entire.

5. Color of upper leaf surface
bluish-green.

6. Stellate trichomes of lower leaf

surface with 5 or fewer (com-
monly 4) rays.
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The results of this study of population samples (Tucker, in

press) are definitely in accord with the postulate stated above.

In areas distant from their region of geographical overlap,

Quercus Douglasii and Q. turbinella are very distinct from one
another morphologically. In areas where they occur together

in the same habitat, the common occurrence of an array of

forms which are morphologically intermediate between the

two in varying degrees, furnishes circumstantial evidence of

interbreeding between them. At least one such population has
been encountered at the type locality, San Emigdio Canyon,
Kern County. Occasional populations are encountered, how-
ever, that are more homogeneous, but which are, in general,

more or less intermediate. This type of population may re-

semble either one species or the other more closely, or it may
be very nearly midway between them. The general range of

this series of mixed and intermediate populations is as follows:

hills along the west side of the Salinas Valley in Monterey
County, inner South Coast Ranges from central San Benito
County southward to the northern slopes of the Mount Pinos
region, desert slopes of the Tehachapi Range, and the hills

bordering Antelope Valley north of the Liebre Range, in north-
western Los Angeles County.

Corroborating evidence has been furnished by a field study
of the relative length of leaf persistence in the various entities

involved. Quercus Douglasii is deciduous, Q. turbinella is ever-

green, and Q. Alvordiana is more or less intermediate between
these conditions.

The available paleobotanical and geological evidence, al-

though scanty, seems to support the hypothesis. This is dis-

cussed elsewhere (Tucker, in press)

.

The diversity of this series of populations and its lack of

distinctness from Quercus Douglasii on the one hand and Q.
turbinella on the other, result in a situation which is highly
problematic for the taxonomist. Two questions are involved:

(1) To what latitude of forms should the name Quercus Alvor-
diana be applied? (2) What is the best taxonomic status for

this entity?

In a consideration of the first question, it would seem more
logical to apply Eastwood's name to all forms intermediate
between Quercus Douglasii and Q. turbinella, rather than just

to forms that more or less closely resemble the type, for the
following reasons. In San Emigdio Canyon, the type locality

of Q. Alvordiana, interbreeding between Q. Douglasii and Q.
turbinella is clearly indicated by the occurrence of intermedi-
ates which almost completely bridge the morphological gap
between these two species. Moreover, Eastwood's type is inter-

mediate to a degree, although in general it is distinctly closer
to Q. Douglasii. It may well be that Eastwood's intention in

publishing Q. Alvordiana as a new species was to call attention
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to such intermediate forms which are characteristic of neither

Q. Douglasii nor Q. turbinella—witness the fact that the illus-

tration accompanying the original description resembles the
latter species in most characters, while the type resembles the
former more closely.

In a consideration of the second question, one obvious
possibility would be to treat Quercus Alvordiana as a hybrid.

One important objection to such a disposition, however, is the
fact that in some areas local populations of this oak may appear
nearly as uniform and distinctive as some populations of either

parent. Indeed, the geological and paleobotanical evidence
renders it conceivable that in some populations of this sort,

the original period of interbreeding may have been as long ago
as Lower Pliocene time. Inasmuch as it has become a more
or less uniform and self-perpetuating entity in some limited

areas, to treat it as a hybrid would seem to be a distortion of

the general conception of a hybrid. On the other hand, to accord
it the status of a species or of an infraspecific element of one
of the parental species seems equally, or even more untenable
and would require an arbitrary choice between two names
representing entities which shared equally in its origin. In

many instances Quercus Alvordiana consists only of indi-

viduals, intermediate in varying degree, in populations which
include both Q. Douglasii and Q. turbinella. In my opinion,

therefore, the best solution—although admittedly involving
some artificiality—is to regard Q. Alvordiana as having the
status of a hybrid so far as the objectives of taxonomy are
concerned.

Quercus X Alvordiana (Eastwood) stat. nov. Quercus Al-
vordiana Eastwood, Occas. Papers Calif. Acad. Sci. 9:48, 1905.

Quercus dumosa var. Alvordiana (Eastw.) Jepson, Flora Calif.

1:356,1909.
Herbarium specimens of this entity examined during the

course of the study were annotated as having subspecific status

under Q. Douglasii, but this combination was not published.
The present treatment represents a slight shift in the author's
thinking, but it does not, in his opinion, represent an entirely

satisfactory taxonomic disposition for this highly variable,

ill-defined entity.

Department of Botany,
University of California, Davis.
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REVIEW

Palms and Cycads, Their Culture in Southern California.
By William Hertrich. Henry E. Huntington Library and
Art Gallery, San Marino, California, x -f 142 pp., frontispiece
(color photograph), 125 black-and-white photographs. 1951.

$5.00.

This is a well illustrated account of the palms and cycads
that grow or that have grown in the Huntington Botanical
Gardens, at San Marino, California. Mr. Hertrich, now cu-
rator emeritus, has supervised the development of the Hunt-
ington Gardens since they began nearly fifty years ago as
the private estate of Henry E. Huntington. He now plans
"a series of brief papers containing historical and horticul-
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tural notes on specific collections of plants." The first of the

series, "A Guide to the Desert Plant Collection," was pub-
lished in 1937; and this is the second.

A brief introduction gives the history of the Huntington
Gardens and of the palm collection in particular, as well as

a few general remarks on cultivation of palms. The feather

palms, fan palms, and cycads are then considered species by
species. Usually there are a few phrases of description, some
information about origin and introduction, and notes on
uses and cultivation in southern California. Nomenclature
mostly follows L. H. Bailey. Synonymy is treated in a man-
ner that will impress the uninitiated with the esoteric nature
of taxonomy. The text as a whole might have been improved
by more careful editing.

Among the feather palms about forty species are listed

as hardy or semi-hardy, though some of these were lost at

the Huntington Gardens by freezing, and seven more species

are listed as less than hardy. About forty fan palms and
thirty-five cycads are included, though again some have not
survived.

The illustrations are good. These are photographs taken
through the years by Mr. Hertrich, mostly of plants at the
Huntington Gardens. They should help the user to recognize
the species grown in southern California. Reid Moran, Bailey
Hortoreum, Ithaca, N.Y.

NOTES AND NEWS
We call to your attention the following recent publications.

The Cultivated Avoids, by M. R. Birdsey. The Gillick Press,
Berkeley, California. 140 pp., illustrated. 1951. $5.00

Vegetation of the Sonoran Desert, by Forrest Shreve. Car-
negie Institution of Washington Publication 591, Washington,
D.C. 192 pp., illustrated. 1951. Paper, $3.25; cloth $3.75.

Flowering Trees of the Caribbean, by Bernard and Harriet
Pertchik. Rinehart & Company, Inc., New York. 125 pp., illus-

trated. 1951. $10.00

Weeds of California, by W. W. Robbins, Margaret K. Bellue,
and Walter S. Ball. Printing Division (Documents Section)
State of California, Dept. of Agriculture, Sacramento. 547 pp.,
illustrated. 1951. $5.00

Flora of the Charleston Mountains, Clark County, Nevada,
by Ira W. Clokey. University of California Press, Berkeley.
1951. Paper, $2.75; cloth, $3.75.
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THE MEXICAN ITINERARIES OF T. S. BRANDEGEE
Reid Moran

Townshend Stith Brandegee was a pioneer botanical ex-

plorer in Baja California, Mexico, collecting there between
1889 and 1902 (Setchell 1926) . Many plants have been named
from his collections. He later spent several months on at least

two trips in mainland Mexico and there, too, made important
collections. Some of the localities where he collected are little

known and their names perhaps ephemeral. Moreover, even
in one region such as Baja California, the same name may be
used for several places. Without a knowledge of Brandegee's
routes, therefore, it is sometimes difficult to guess even the

general area from which a specimen came; and he left no field

notebooks to settle such questions. Nelson (1921) gave a brief

account of Brandegee's explorations in Baja California, and
Ewan (1942) gave all his itineraries so far as they were then
known. But Brandegee's Mexican itineraries can now be given
in much greater detail.

New information comes from several sources, which will

be named specifically for each trip. Some details are from
published accounts of the trips and of the specimens collected

by Brandegee and by his various companions. A few further
details were found in letters (on file in the Herbarium of the
University of California) from Brandegee to his wife in Cali-

fornia. But most of the information is from labels on Brande-
gee's specimens in the Herbarium of the University of

California. Data have been collected from about 2000 herbarium
specimens and from about 300 references to botanical and
zoological specimens.

The dates on Brandegee's specimens are not always right.

Nearly five per cent of the labels are clearly inconsistent with
the majority, and other errors are probably still unfound.
Dates are omitted from the itinerary if they are clearly wrong;
but in case of doubt, conflicting dates are sometimes included.

Some specimens apparently have the wrong month but the
right year and the right day of the month. Others apparently
have the wrong day of the month. About thirty specimens
were found to have year dates not fitting into the itineraries
given below. These dates are scattered from 1873 to 1903. With
the year dates changed, however, most of these specimens do
fit into one or another of the itineraries. Thus the fifteen

specimens dated September and October 1891 all fit into the
itinerary of September and October 1890, and the five dated
September and November 1892 all fit into the itinerary of
September to November 1893. A few specimens evidently from
the 1889 trip are dated 1888, 1890, or 1899.

Madrono, Vol. 11, No. 6, pp. 221-252. May 9, 1952.
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Except as otherwise noted, every place listed below has
been found to be in a position more or less consistent with
the rest of the itinerary. Maps consulted include those of

Brandegee (1889), Eisen (1895), and Nelson (1921); also the
Map of Hispanic America, American Geographical Society;
Lower California and the Northwestern States of Mexico,
Arey-Jones Company, San Diego, 1930; and charts issued by
the United States Hydrographic Office. Other sources are
Grinnell (1928) and the Encyclopedia Universal Ilustrada,

Hijos de J. Espasa, Barcelona.
The following abbreviations are used for the months: Janu-

ary, Ja; February, F; March, Mr; April, Ap; May, My; June, Je;

July, Jl; August, Au; September, S; October, Oc; November, N;
and December, D.

Thanks are due to Mrs. Ethel Bailey Higgins for information
about Kate Sessions, to Professor Joseph Ewan for various
suggestions and information, and to Annetta Carter for help
in collecting data from herbarium specimens.

Magdalena Bay to San Quintin, January to May, 1889

Brandegee landed at Magdalena Bay, on Magdalena Island,

Baja California, January 11, 1889. After collecting there and
on the peninsula, he was joined on the island late in February
by Walter E. Bryant and Charles D. Hains of the California
Academy of Sciences. After visiting Santa Margarita Island,

they began the long northward journey to San Quintm. Bran-
degee (1889) gave a good account of the trip, with a map
of the route, and Bryant (1889) gave a shorter account. Dates
are filled in mostly from herbarium labels.

Ensenada, Ja 9; Magdalena Bay or Id., Ja 11-18, 21-23, 25-26,

28; Boca de Soledad, Ja 28; Boca de Santo Domingo, Ja 29;

Boca de las Animas, Ja 29-30; San Gregorio, F 1-9; Laguna
Ramona, F 7; Purisima, F 11-15; Comondu Viejo, F 15; Co-
mondu, F 15-19; Ojo de Agua, F 20; San Jorge, F 22; Magdalena
Bay or Id., F 24-26; Santa Margarita Id., Mr 1-7; Magdalena
Bay or Id., Mr 11-15; San Jorge, Mr 17-18; Pozo Grande, Mr
18-19; Comondu, Mr 20-30, Ap 2-3; Pozo de los Dolores, Ap
4-5; Purisima Canon, Ap 5; Laguna Ramona, Ap 5; San Gre-
gorio, Ap 5-6; San Juanico, Ap 7; San Raymundo (San Raimun-
do)

,
Ap 7; San Jose de Gracia, Ap 8-9; San Benito or San Benito

Canon, Ap 10-11; Patrocinio, Ap 11; Jesus Maria, Ap 11; San
Joaquin, Ap 12; San Ignacio, Ap 14-17; San Esteban, Ap 17-18;

Ascension 1

,
Ap 18; San Julio 2

,
Ap 19-20; San Julio Canon,

1 The Arey-Jones map shows a Rancho Asuncion about 10 miles
north of San Ignacio.

2 I have not found this place on any map, but Brandegee's account
would seem to support the label dates at least in placing it between
San Ignacio and San Pablo.
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Ap 20; San Pablo, Ap 21-22; Cardon Grande, Ap 23; Campo
Aleman or Pozo Aleman, Ap 23-24; Calmalli, Ap 24-26; San
Luis, Ap 27-28; San Sebastian, Ap 28-29; el Rancho Viejo, Ap
29-30; Paraiso, My 1-2; San Enrique, My 2; San Regis, My 2-4;

SantanaH
,
My 4-5; San Borja, My 5-6; Llanos de San Julian,

My 7; Ubi, Agua Bonita, My 8; Ubi (Yubay)
,
My 8-9; el Llano

de Santana, My 9-10; Calamajue, My 10-11; San Francisquito,

My 13; Cajon de Santa Maria, My 14; Santa Maria, My 14-15;

Agua Dulce, My 16; San Fernando, My 18-19; Las Huevitas,

My 19-20; El Rosario, My 20-21; Socorro, My 21-22; San Quin-
tin, My 22-24.

Cape Region, January and February, 1890

Brandegee made his first trip to the Cape Region of Baja
California in January and February of 1890. Landing at Mag-
dalena Bay, he rode to Todos Santos with a Mexican boy as a

guide (Brandegee 1890) . Because of the unfavorable season,

he collected few plants on this first part of the trip, and as a

result the record is very incomplete.
Magdalena Bay, Ja ?; Soledad, Ja 4, 8; Matancita ("Mante-

cita"), Ja 8; Inocente 4
, Ja 8; Juncal, Ja 11, 13; Rancho Salada,

Ja 15-16; Rancho Colorado, Ja 16; Guadalupe, Ja 17; Cedro,
Ja 18; Rancho Tomate, Ja 18; Todos Santos, Ja 19-20; Sierra

de la Laguna, Ja 20-27; Todos Santos, Ja 27-F 1; La Paz, F 1-2,

4-5: Mazatlan, Sinaloa, F 10, 16.

Cape Region, September to November, 1890

In September, October, and early November of 1890, Bran-
degee, in company with Walter E. Bryant, ornithologist of the
California Academy of Sciences, collected in the Cape Region.
Bryant (1891) gave a good account of the trip, with an interest-

ing commentary on the lives of the collectors as well as on the
habits of the birds.

La Palm ilia (La Palmia) , Au 31; San Jose del Cabo, S 1- Oc
10; Miraflores, Oc 13-14; Agua Caliente, Oc 15; Sierra de San
Francisquito, Oc 18, 20; Agua Caliente, Oc 21; Santiago, Oc 21;

Buena Vista, Oc 23; San Bartolo ("San Bartolome") , Oc 22-24;

San Antonio, Oc 24-25; Triunfo, Oc 26; San Pedro, Oc 29; La
Paz, N 1-2, 4-5.

3 On Brandegee's map, Santana is shown between San Enrique and
San Borja, whereas el Llano de Santana is shown north of Ubi. No
specimens were found labeled "Santana," where Brandegee should
have been between May 2 and 5. But for el Llano de Santana, where
he should have been about May 9 or 10, there are specimens dated
May 4, 5, 9, and 10.

4 Perhaps this should be January 18, for there is an Inocente on the
coast about 30 miles above Todos Santos.
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Cape Region, March to May, 1892

In March, April, and early May of 1892, Brandegee collected

in the Cape Region with Walter E. Bryant and Gustav Eisen,

both of the California Academy of Sciences. Published accounts
are brief (Brandegee 1892, Eisen 1895). Although Brandegee
mentioned spending nearly a month in La Paz, the season was
very dry and apparently he made few collections. During May,
the party collected in Sonora (Brandegee 1893)

.

Ensenada, Mr 3; San Jose del Cabo, Mr 8-17; Cabo San
Lucas, Mr 17-18; San Jose del Cabo, Mr 19-20; La Palma, Mr
21; Miraflores, Mr 21; Santiago 5

; Sierra de San Francisquito,
Mr 23; Sierra de la Laguna, Mr 24-26; La Chuparosa, Mr 25;

Sierra de San Francisquito, Mr 26-30; Agua Caliente, Mr 31;

La Palma, Mr 31; San Jose del Cabo, Ap 2, 4; Santa Anita, Ap 4;

La Paz, Ap 13-14, 20-21, My 8; Guaymas, Sonora, My 12; Her-
mosillo, Sonora, My 13-15; Las Durasnillas, Sonora, My 17-18;

Sierra Matapan, Sonora, My; Hermosillo, Sonora, My 21; San
Miguel, Sonora? 6

.

Sierra San Pedro Martir, April to June, 1893

Brandegee visited the Sierra San Pedro Martir in May of

1893 with Alfred W. Anthony, Wilfred W. Anthony, Eugene C.

Thurber, and Harry E. and Charlotte M. Wilder (Ewan 1942)

.

Although herbarium labels give some information as to way
points, they give few altitudes or localities in the Sierra San
Pedro Martir. Details of the itinerary therefore come mostly
from Allen (1893) and Anthony (1893). The altitude of the
highest point of the Sierra was estimated at 12500 feet rather
than 10126 feet and that of La Grulla at 8200 feet rather than
about 7200 feet. Other altitudes should therefore be corrected
accordingly.

Tijuana, Ap 17; Carrizo Creek ("22 miles south of Tijuana")

,

Ap 18-21; Las Palmas, Ap 21; Burro Canon or Creek, Ap 22-23;

Guadalupe Valley 7
,
Ap 24; Sauzal, Ap 24; Ensenada, Ap 26;

Santo Tomas, Ap 27; Guadalupe Valley or Creek 7
,
Ap 27;

Salado Canon, Ap 27; San Vicente, Ap 28; Colnett, Ap 28^; San
Telmo, Ap 28-30; Aliso, Ap 30; Valladares, My 3-4; Santa Cruz
Creek, My 4; Sierra San Pedro Martir, first benches, My 5;

7000', My 6-10; 7500', My 11; La Grulla, 8200', My 13-22; Gulf
slope, My 23; 8500', My 25-26; return trip begun, My 27; Valla-
dares Creek, My 29; Valladares, My 30; Aliso, My 30; San
Telmo, My 30-31; Colnett, My 31; Cabo Colnett, Je 1; Salado
Canon, Je 1; San Vicente, Je 1; Guadalupe Valley 7

, Je 2; San

5 Brandegee mentioned that on this trip for the first time he
ascended by the Santiago trail.

6 San Miguel was mentioned by Eisen (1895, p. 763); the location
is not known.

7 Note that there are two Guadalupe valleys, one to the north of
Ensenada, the other to the south.
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Antonio 8
, Je 3-4; Ensenada, Je 4; Guadalupe Valley 7

, Je 5;

Burro Creek, Je 5; Gato Creek or Canon ("36 miles south of

Tijuana"), Je 5-6; Carrizo Creek, Je 6; San Diego, California,

Je 7.

Cape Region, September and October, 1893

In September and October of 1893, Brandegee made two
trips from San Jose del Cabo into the mountains of the Cape
Region. He was accompanied on the first trip by his wife,

Katharine Brandegee, and on both trips by Gustav Eisen,

of the California Academy of Sciences. Published accounts are

brief (Brandegee 1894, Eisen 1895) . The season was dry about
San Jose del Cabo and east of the high mountains, and collec-

tions were small; "but west of the mountains the ground was
well soaked by frequent showers, and vegetation was luxu-
riant."

San Jose del Cabo, S 1-6; San Felipe, S 9; Corral Piedra,

S 9-10; San Lazaro or Sierra San Lazaro, S 10-11; El Taste,

S 11-16; Saltillo, S 15-18; near Sierra San Lazaro, S 16-17;

San Jacinto, S 18; Todos Santos, S 18; Pescadero, S 20-21, 23;

coast south of Pescadero, S 23; near Sierra San Lazaro, S 25;

San Jose del Cabo, S 27-28; Mazatlan, Sinaloa, Oc 8 9
; Santa

Anita, Oc 11; Canon Hondo, Oc 12 10
;
Miraflores, Oc 12-13; San

Bernardo Canon, Oc 13-14; Saucito ("near Sierra San Francis-
quito"), Oc 14-15; San Francisquito, Oc 16; La Chuparosa,
Oc 16-18, 21; Sierra de la Laguna, Oc 19-21; Canon Hondo or
Arroyo Hondo, Oc 21-22; Todos Santos, Oc 22; Pescadero, Oc 23;

San Jacinto, Oc 23-24; La Mesa 11
, Oc 24-25; San Jose del Cabo,

Oc 27; Mazatlan, Sinaloa, N 2-3; Guaymas, Sonora, N 7-8.

Voyage of the Wahlberg, March and April, 1897

In March and April of 1897 on A. W. Anthony's schooner
Wahlberg, Brandegee visited the islands off the west coast of

Baja California. Others of the crew were Anthony, Henry B.

8 According to Brandegee (1893b, p. 207), this San Antonio is

between Tijuana and Ensenada; and the Arey-Jones map shows a
San Antonio about 10 miles north of Ensenada. On the type sheet of
Madia valida, however, Brandegee is quoted as later saying that this
San Antonio is well south of Ensenada. San Antonio del Mar is some
65 miles to the south—a long day's journey—and furthermore is south
of San Vicente, where he apparently collected on June 1. Though two
places called San Antonio are shown east of Ensenada, I find no other
on the probable route.

9 Though no visit to the mainland was mentioned by either Brande-
gee or Eisen, this date is supported by 14 herbarium labels.

10 According to one label of another date, Canon Hondo is in the
Sierra de la Laguna. Whether it is on the east side of the range, and
how far down it bears this name, I do not know. Perhaps this date
is wrong.

11 1 have not found this name on any map, but it falls in about the
same place in the itineraries of 1893 and 1902.
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Kaeding, Richard C. McGregor, and Alfred L. Stockton. Though
the Wahlberg went on to the Revilla Gigedos, Brandegee went
home by steamer from San Jose del Cabo, stopping at Magda-
lena Bay and probably at Ensenada. Brandegee (1900) gave
an interesting general account of his trip; details have been
filled in partly from herbarium labels and partly from a catalog

of Anthony's (ms)

.

Ensenada, Mr 5-6; Todos Santos Is., Mr 6-7, 9-10; San
Martin Id., Mr 12-13; San Geronimo Id., Mr 15, 17-18; Guada-
lupe Id., Mr 20-26; Sparmanns Canon, Guadalupe Id., Mr 26;

San Benito Is., Mr 27-31; Cedros Id., Ap 1-7; Natividad Id.,

Ap 9-10; San Bartolome Bay, Ap 12-14; San Roque Id., Ap 16;

Asuncion Id. ("Ascension Id")
,
Ap 17: coast near Asuncion Id.,

Ap 17; Abreojos Pt., Ap 18-19; San Jose del Cabo, Ap 22-30,

My 2, 7-8; Magdalena Bay, My ?. According to a letter from
San Jose del Cabo dated May 2, 1897, Brandegee expected to

leave by steamer for Ensenada about May 15.

Cape Region, September to November, 1899

In September and October of 1899, Brandegee made a

seventeen-day trip from San Jose del Cabo into the northern
mountains of the Cape Region. Aside from herbarium labels,

the only information about the trip comes from letters written
October 12 and 21 from San Jose del Cabo. He wrote that there
had been little rain and that the vegetation seemed to be late.

San Jose del Cabo, S 15; La Palma, S 25; Miraflores, S 26;

Agua Caliente, S 27; Vinoramas ("Binorama") , S 28; San Fran-
cisquito or Sierra San Francisquito, S 27, 29, Oc 1; La Chupa-
rosa, Oc 2; Sierra de la Laguna, Oc 2-4; Todos Santos, Oc 4;

San Vicente 12
, Oc 8; San Pedro, Oc 9; Pescadero, Oc 9; Mesa

Verde, Oc 10; San Jose del Cabo, Oc 10, 12, 16-17, 19, 21, 26, N 1,

3: Miraflores, Oc 14, 27; La Paz N 9.

Coronado Islands, April, 1902

One specimen was seen from the Coronado Islands, dated
April 27, 1902. No other Brandegee specimens from the Coro-
nado Islands were found among the species known to occur
there.

Cape Region, September to November, 1902

In October and November of 1902, Brandegee made his last

trip to the Cape Region and "explored many localities not
visited . . . during previous trips." Miss Kate Sessions
went with him by ship to San Jose del Cabo and by burro into

the mountains, starting back to San Diego about October 22

while he stayed on. Brandegee (1903) mentioned the trip but
said nothing of the route. He wrote that because of the pre-

12 If this is the San Vicente just east of San Jose del Cabo, then
the date must be wrong.
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vious drought not all the bushes were in bloom, but that the
country was never so green, with the annuals more luxuriant
than he had ever seen them before. Yet specimens are few, and
often they are dated with only the month and the year.

According to Bailey (1937), Brandegee and Miss Sessions
collected in the Cape Region in October of 1900. And according
to Cockerell (1943), Brandegee and Miss Sessions once "went
on mules all the way down Baja California to the Cape [and]

returned by sea." I have seen no specimens to support a visit

to the Cape Region in 1900 or a southward overland trip at

any time. Probably both Bailey and Cockerell referred to the
trip of 1902.

San Jose del Cabo, Oc 13, 16; Santa Anita, Oc 15 or N 15?;

Cajoncito 13
, Oc 18; Sierra San Lazaro, Oc 18; San Jose del

Cabo, Oc 21?, 24-26; San Felipe, Oc 30; La Mesa 11
, Oc 31; Sierra

el Taste, N 1; west side of Cape Region mountains, N 4-5;

west coast of Cape Region, N 8; Miraflores, N 14?; San Jose
del Cabo, N 25; Sierra de la Trinidad, N; Cabo San Lucas, N;
San Felipe, N; La Palma, N; Pescadero, N; Magdalena Bay N;
Ensenada, D.

Sinaloa, August to November, 1904

From August to November of 1904, Brandegee made a large

collection in the vicinity of Culiacan, Sinaloa. He landed at

Altata in August and during most of the period made his

headquarters at Culiacan; but for about two weeks he stayed
at a ranch near Cofradia, fifteen miles to the east, at the foot

of Cerro Colorado. Brandegee (1905) gave a short account,

and several letters add some details.

Altata, Au; Culiacan, Au 18-22, 24-25, 30; Altata, S 2; Culi-

acan, S 2, 6-8; Yerba Buena ("a house 10 miles from Altata"),

S 10; Culiacan, S 11-14, 17, 19-20; Yervacito 14
, S 20-21, 26;

Culiacan, S 22-24, 30, Oc 1, 5, 8-10; Yerba Buena, Oc 10; Culi-

acan, Oc 11-12, 18-20; Cofradia, Oc 20-29, 31, N 3, 5; Cerro Colo-
rado, Oc 28, N 1, 3, 5; Imala, N 8; Culiacan, N 10-11, 14, 16;

Altata, N 20.

Southern Mexico, May to July, 1908

For many years Brandegee identified and distributed the
Mexican collections of his friend Carl A. Purpus. From May
to July of 1908 he collected with Purpus in the states of Puebla
and Oaxaca. But although he helped with the collecting, his

name does not appear on the labels of the joint collections.

In fact, in his report on the Purpus collections, Brandegee
(1909) did not even mention that he had accompanied Purpus
on the trip. Since Purpus did not give days of the month, the

13 If this is the Cajoncito south of Pescadero, then probably the
date is wrong.

14 I have not found this name on any map, but there is no particular
reason to question either the name or the dates.
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route cannot be traced by means of herbarium labels. More-
over, the two were not together during the entire period, for

Brandegee did not make some of the more difficult trips. The
little information given below is mostly from a series of

interesting letters.

Tehuacan, Puebla, My 9; El Riego ("against the hills 3-4

miles from Tehuacan"), My 9-11; Sierra Paxtle ("the high
Cerro de Paxtle can be seen from the city of Tehuacan"),
My 13; San Luis Tultitlanapa 15

,
Puebla, My 14; Las Naranjas,

Oaxaca, My 28; Rio Santa Lucia lf;

,
My 30; San Luis Tultitlan-

apa, Je 8-9, 25, Jl 2, 13.

Bailey Hortorium,
Ithaca, New York

Literature Cited

Allen, J. A. 1893. On a collection of mammals from the San Pedro
Martir region of Lower California, . . . Bull. Am. Mus. Nat.
Hist. 5:181-202.

Anthony, A. W. 1893. Birds of San Pedro Martir, Lower California.
Zoe 4:228-247.

Manuscript catalog of bird skins, 4290 to 8930 (unpublished).
Department of Birds and Mammals, California Academy of

Sciences.
Bailey, L. H. 1937. Erythea—the hesper palms. Gent. Herb. 4:84-118,
Brandegee, T. S. 1889. A collection of plants from Baja California, 1889.

Proc. Calif. Acad. Ser. 2, 2:117-216.
1890. The hedgerows of Todos Santos. Zoe 1:179-181.
1891. Flora of the Cape Region of Baja California. Proc. Calif.

Acad. Ser. 2, 3:108-182.
1892. Additions to the flora of the Cape Region of Baja

California. Proc. Calif. Acad. Ser. 2, 3:218-227.
1893. Notes concerning the flora of Sonora. Zoe 3:344-349.
1893b. Southern extension of California flora. Zoe 4: 199-210.
1894. Additions to the flora of the Cape Region of Baja

California. II. Zoe 4:398-408.
1900. Voyage of the Wahlberg. Zoe 5: 19-28.

1903. Notes and new species of Lower California plants. Zoe
5:155-174.

1905. Plants from Sinaloa, Mexico. Zoe 5:196-226.
1909. Plantae Mexicanae Purpusianae. Univ. Calif. Publ. Bot.

3:377-396.
Bryant, W. E. 1889. A catalogue of the birds of Lower California,

Mexico. Proc. Calif. Acad. Ser. 2, 2:237-320.
1891. The Cape Region of Baja California. Zoe 2:185-201.

Cockerell, T. D. A. 1943. Kate Olivia Sessions and California floricul-
ture. Bios (Mount Vernon) 14: 167-179.

15 Five of Brandegee's letters were written from San Luis. In his
account, he said that most of the plants were collected near San Luis
Tultitlanapa, south of Tehuacan near the boundary of Oaxaca. Though
he said that San Luis had 300 inhabitants, I do not find San Luis Tul-
titlanapa on any map. However, he also said that Caltepec was two
miles away; and about two miles east of Caltepec there is an San Luis
Atototitlan. Perhaps this is the same place.

16 Rio Santa Lucia is said to separate the states of Puebla and
Oaxaca. Since it is close to Las Naranjas, this may be the river shown
on some maps as Rio Hondo.



1952J MORAN: BRANDEGEE ITINERARIES 261

Eisen, G. 1895. Explorations in the Cape Region of Baja California in

1894, . . . Proc. Calif. Acad. Ser. 2, 5:733-775.
Ewan, J. A. 1942. Bibliographical Miscellany—IV. A bibliographical

guide to the Brandegee botanical collections. Am. Midi. Nat.
27:772-789.

Grinnell, J. 1928. Gazeteer of localities. In his Distributional summa-
tion of the ornithology of Lower California. Univ. Calif. Publ.
Zool. 32:19-32.

Nelson, E. W. 1921. Lower California and its natural resources. Mem.
Nat. Acad. Sci. 16 (first memoir) : 1-194.

Setchell, W. A. 1926. Townshend Stith Brandegee and Mary Katharine
(Layne) (Curran) Brandegee. Univ. Calif. Publ. Bot 13: 155-178.

Index to Localities
All localities are in Baja California unless otherwise indicated.

For 1890, and again for 1893, the first trip of the year is indicated
by the yeardate with an "A", the second trip by the yeardate with a
"B".

Abreojos Point, 1897
Agua Bonita, 1889
Agua Caliente, 1890B, 1892, 1899
Agua Dulce, 1889
Aliso, 1893A
Altata, Sonora, 1904
Animas, Boca de las, 1889
Arroyo Hondo, 1893B
Ascension, 1889
Ascension Island, 1897
Asuncion, Rancho, 1889
Asuncion Island, 1897
Binorama, 1899
Boca de las Animas, 1889
Boca de Santo Domingo, 1889
Boca de Soledad, 1889
Buena Vista, 1890B
Burro Canon, and Creek, 1893A
Cabo Colnett, 1893A
Cabo San Lucas, 1892, 1902
Cajoncito, 1902
Cajon de Santa Maria, 1889
Calamajue, 1889
Calmalli, 1889
Campo Aleman, 1889
Canon Hondo, 1893B
Cardon Grande, 1889
Carrizo Creek, 1893A
Cedro, 1890A
Cedros Island, 1897
Cerro Colorado, Sinaloa, 1904
Chuparosa, La, 1892, 1893B, 1899
Cofradia, Sinaloa, 1904
Colnett, 1893A
Colorado, Cerro, Sinaloa, 1904
Colorado, Rancho, 1890A
Comondu. 1889
Comondu Viejo, 1889
Coronado Islands, April 1902
Corral Piedra, 1893B
Culiacan, Sinaloa, 1904

Durasnillas, Sonora, 1892
El Llano de Santana, 1889
El Rancho Viejo, 1889
El Riego, Puebla, 1908
El Rosario, 1889
El Taste, 1893B, 1902
Ensenada, 1889, 1892, 1893A, 1897,

1902
Gato Canon, and Creek, 1893A
Guadalupe (near La Paz), 1890A
Guadalupe Island, 1897
Guadalupe Valley (north of En-

senada), 1893A
Guadalupe Valley (south of En-

senada), 1893A
Guaymas, Sonora, 1892, 1893B
Hermosillo, Sonora, 1892
Las Huevitas, 1889
Imala, Sinaloa, 1902
Inocente, 1890A
Jesus Maria, 1889
Juncal, 1890A
La Chuparosa, 1892, 1893B, 1899
La Grulla, 1893A
Laguna, Sierra de la, 1890A, 1892,

1893B, 1899
Laguna Ramona, 1889
La Mesa, 1893B, 1902
La Palma, 1892, 1899, 1902
La Palmia, 1890B
La Palmilla, 1890B
La Paz, 1890A, 1890B, 1892, 1899
Las Durasnillas, Sonora, 1892
Las Huevitas, 1889
Las Naranjas, Oaxaca, 1908
Las Palmas, 1893A
Llano de Santana, 1889
Llanos de San Julian, 1889
Magdalena Bay, and Island, 1889,

1890A, 1897, 1902
Matancita, 1890A
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Mazatlan, Sinaloa, 1890A, 1893B
Mesa, La, 1893B, 1902
Mesa Verde, 1899
Miraflore^, 1890B, 1892, 1893B,

1899, 1902

Natividad Island, 1897

Ojo de Agua, 1889

Paraiso, 1889
Patrocinio, 1889
Pescadero, 1893B, 1899, 1902
Pozo Aleman, 1889
Pozo de los Dolores, 1889
Pozo Grande, 1889
Purisima, and Canon, 1889

Rancho Colorado, 1890A
Rancho Salada, 1890A
Rancho Tomate, 1890A
Rancho Viejo, 1889
Riego, El. Puebla, 1908
Rio Santa Lucia, Puebla, 1908
Rosario, 1889

Salada, Rancho, 1890A
Salado Canon, 1893A
Saltillo, 1893B
San Antonio (Cape Region), 1890B
San Antonio (near Ensenada),
1893A

San Bartolo, 1890B
San Bartolome, 1890B
San Bartolome Bay, 1897
San Benito, and Canon, 1889
San Benito Islands, 1897
San Bernardo Canon, 1893B
San Borja, 1889
San Enrique, 1889
San Esteban, 1889
San Felipe, 1893B, 1902
San Fernando, 1889
San Francisco, apparently an er-

ror for San Francisquito, 1889
San Francisquito (north Gulf),

1889
San Francisquito (Cape Region),

1890B, 1892, 1893B, 1899
San Geronimo Island, 1897
San Gregorio, 1889
San Ignacio, 1889
San Jacinto, 1893B
San Joaquin, 1889
San Jorge, 1889
San Jose de Gracia, 1889
San Jose del Cabo, 1890B, 1892,

1893B, 1897, 1899, 1902
San Juanico, 1889
San Julian, Llanos de, 1889
San Julio, and Canon, 1889
San Lazaro, 1893B, 1902

San Lucas, Cabo, 1892, 1902
San Luis, 1889
San Luis Atototitlan, Puebla, 1908
San Luis Tultitlanapa, Puebla,

1908
San Martin Island, 1897
San Miguel, Sonora?, 1892
San Pablo, 1889
San Pedro (near La Paz), 1890B
San Pedro (near Todos Santos)

1899
San Quintin, 1889
San Raimundo, 1889
San Raymundo, 1889
San Regis, 1889
San Roque Island, 1897
San Sebastian, 1889
Santa Anita, 1892, 1893B, 1902
Santa Cruz Creek, 1893A
Santa Lucia, Puebla, 1908
Santa Margarita Island, 1889
Santa Maria, 1889
Santana, 1889
San Telmo, 1893A
Santiago, 1890B, 1892
Santo Tomas, 1893A
San Vicente (near Ensenada),
1893A

San Vicente (Cape Region), 1899
Saucito, 1893B
Sauzal, 1893A
Sierra de la Laguna, 1890A, 1892,

1893B, 1899
Sierra de la Trinidad, 1902
Sierra el Taste, 1893B, 1902
Sierra Matapan, Sonora, 1892
Sierra Paxtle, Puebla, 1908
Sierra San Francisquito, 1890B,

1892, 1893B, 1899
Sierra San Lazaro, 1893B, 1902
Sierra San Pedro Martir, 1893A
Socorro, 1889
Soledad, 1890A
Soledad, Boca de, 1889

Taste, El, 1893B, 1902
Tehuacan, Puebla, 1908
Tijuana, 1893A
Todos Santos, 1890A, 1893B, 1899
Todos Santos Island, 1897
Tomate, Rancho, 1890A
Trinidad, Sierra de la, 1902
Triunfo, 1890B

Ubi, 1889

Valladares, and Creek, 1893A
Vinoramas, 1899
Yerba Buena, Sinaloa, 1904
Yervacito, Sinaloa, 1904
Yubay, 1889
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THE STATUS OF LOPHOTOCARPUS IN
WESTERN NORTH AMERICA

Herbert L. Mason

In his treatment of the family Alismaceae, Kunth (1841)

divided Sagittaria into three sections; the last of these was
followed by the word, Lophiocarpus, in parentheses, which
suggests that this name was intended in some subgeneric
status. No names were assigned to the other two sections.

In Lophiocarpus were included S. cordifolia Roxb. from Cal-

cutta, S. guyanensis HBK. from near Angustura in Guiana, and
S. echinocarpa Mast, from Para, Brazil.

Miquel (1871, p. 50) used the name Lophiocarpus in a gen-
eric sense and transferred S. cordifolia Roxb. to it.

In his monographic treatment of the family Alismaceae,
Micheli (1881) also adopted the name Lophiocarpus, referring

it back directly to Kunth rather than to Miquel through L.

cordifolia. In this work Micheli transferred the North Ameri-
can Sagittaria calycina Engelm. to the genus Lophiocarpus.

Lophiocarpus was recognized by Th. Durand (1888) in the
body of his text but he credited it to Micheli. Apparently before
the work was complete he discovered the earlier Lophiocarpus
Turcz. of the Chenopodiaceae and in the addenda proposed the
name Michelia as a substitute. Before the index was prepared,
however, Durand discovered that Michelia Th. Dur. was ante-
dated by Michelia L. of Magnoliaceae. Therefore, in the index
of his work, under the italicized entry Lophiocarpus, occurs
the word Lophotocarpus Th. Dur. in ordinary type and in

parentheses. This, I believe, is valid publication of the epithet
Lophotocarpus even though Durand erroneously credited the
basic synonym Lophiocarpus to Micheli rather than to (Kunth)
Miquel. Through the reference to Micheli, however, we are
enabled to get back to the original use of Lophiocarpus by
Kunth, and that is all that is really important. Buchenau (1889)
published the account of Alismaceae in Engler and Prantl, Die
Naturlichen Pflanzenfamilien, recognizing Lophiocarpus Miq.
with serious misgivings as follows:

—"Von Sagittaria kaum
genugend verschieden."

In their treatment of the Alismaceae, in a "List of the
Pteridophyta and Spermatophyta growing without cultivation
in northeastern North America/' Morong and Smith (1894)
made the nomenclatural transfer of Sagittaria calycina Engelm.
to Lophotocarpus. In so doing he misspelled one of the syno-
nyms, thus erroneously crediting Lophianthus, a name that
had not hitherto been published, to Micheli.

Smith, in a later work (1895, p. 28) treating of the Alis-

maceae in North America, discusses his reasons for this trans-
fer. He stated his case as follows, "I have followed Buchenau
and Micheli in separating the species of Lophotocarpus from
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Sagittaria. Lophotocarpus is annual (at least our species) , the
flowers are perfect or staminate, and the stamens are hypogy-
nous. Sagittaria is perennial, monoecious or dioecious with the
fertile flowers never perfect, and the stamens are born above
the receptacle." At the time the transfer was made, Smith
construed the genus in the United States as involving a single

species, Lophotocarpus calycinus (Engelm.) Smith, without
varieties or subspecies, and gave Micheli as authority for an-

other species, L. guyanensis (HBK.) Mich, from "Mexico,
etc." In a still later treatment Smith (1899) recognized seven
species within what he previously had regarded as L. calycinus.

Of these, two were described as new: L. calijornicus and L.

spatulatus.

With respect td the separation of Lophotocarpus from Sagit-

taria there are three points that we wish to raise. First, the
differences suggested by Smith are apparently not of sufficient

character to preclude confusion in their application by stu-

dents. This is reflected in the haphazard identifications evident
on the material in any herbarium. Secondly, the characters
utilized are either not conclusive or they are misleading by
virtue of the way they are expressed. These characters will be
discussed momentarily. Thirdly, since our classification system
is designed to express the natural relationship among plants,

the morphological characters of Lophotocarpus that suggest its

relationship to Sagittaria are such that, in the opinion of the
writer, the genus cannot be removed from Sagittaria without
taking with it other species not included by Smith. Such a

disposition would result in completely unnatural genera. We
shall now discuss the above points.

The first point is sufficiently clear as to warrant no further
amplification. However, additional reasons for it will be appar-
ent from the discussion of our second and third points. In seg-
regating the two genera, Smith states that the stamens are
"hypogynous" in Lophotocarpus while in Sagittaria they are
"born above the receptacle." It is difficult to understand just

what the author thought he saw in this supposed contrast.

It is possible that this is only a direct translation of the phrase-
ology of the key expressed in Latin by Micheli. In material
that we have studied, the stamens are hypogynous in both
Lophotocarpus and Sagittaria. Another character utilized by
Smith is the occurrence of perfect and staminate flowers in

Lophotocarpus and of pistillate and staminate flowers in Sagit-

EXPLANATION OF FIGURES 1-9.

Figs. 1-9. Sagittaria Sanfordii Greene: 1, stamen, showing inflated
hairs on filament, x 7; 2, inflorescence, showing staminate flowers
and fruit, x %; 3, mature fruit, X 7; 4, typical mature plant showing
runner and perennating corm, x 1/10; 5-8, variation in leaf blades,
X Vz \ 9, sprouting corm, x %. Figs. 1-4, 6, 9, based on Mason & Grant,
13001; fig. 5, based on Mason & Smith 8320; figs. 7, 8, based on Nobs
& Smith 169. All from fresh material.



Figs. 1-9. Sagittaria Sanfordii Greene.
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taria, but frequent exceptions to such segregation of flower

type seriously weaken the significance of such a character

as being representative of a clearly fixed genetic difference

such as should characterize genera. In some populations of

Sagittaria latifolia as well as of S. Greggii, individuals are
frequently encountered having either perfect and pistillate

flowers, or the lower pistillate, the middle perfect, and the
upper staminate. Likewise, individual specimens of Lophoto-
carpus with pistillate flowers have been observed. Further,
Smith contrasts the "annual"' habit of Lophotocarpus with the
"perennial" habit of Sagittaria. It would have been better if the
character used emphasized the development of perennating
corms at the ends of the rhizomes in Sagittaria since in Lopho-
tocarpus no such corms are produced. This would at least have
placed the problem on a morphological basis and would thus
eliminate a very obvious source of confusion owing to the fact

that several species of Sagittaria are perennial or annual
depending on the circumstances under which they grow. For
example, S. Greggii, like most of the species, blooms the first

year from seed. In the rice fields where this species is common,
the water is drained off before the corms develop; so the plants
reproduce only by seed. In some vernal pools this occurs
naturally. This character raises an interesting technical point
regarding plants that produce perennating structures other
than the plant body upon which these structures are produced.
Since each season's plant dies at the end of the season, are
such plants any more perennial by virtue of asexual offsets

than are plants that produce seed before they die? In each
case the parent as an objective unit dies leaving one to several
new, independent objective units each of which develops into

a new plant. Obviously, this problem has many philosophical
ramifications which are outside the scope of this paper.

When we compare Lophotocarpus californicus with the
species of Sagittaria, our attention is immediately focused upon
certain characters obviously in common with Sagittaria San-
fordii Greene. In both of these species the fruit is born on a

recurved pedicel (figs. 2, 14, 18) . In both, the filaments of the
anthers are clothed with scaly inflated hairs (figs. 1, 15) which
collapse and fall off when the specimen is dried. In both, some
of the leaf blades are elliptic (figs. 5, 8, 11-13). In S. Sanfordii
these represent the most highly developed leaves, the others

Explanation of Figures 10-19.
Figs. 10-19. Sagittaria calycina Engelm.: 10-13, developmental

stages from seedling to mature plant, x Vs; 14, mature plant, x 1/5;
15, stamen showing inflated hairs on filament, x V; 16, pistillate flow-
ers in young inflorescence, x Vi\ 17, young inflorescence showing
subtending bracts, x V2] 18, inflorescence showing staminate flowers
at apex and fruits below, x V2; mature fruits, x 5. Figs. 10-13, based
on Mason & Smith 8217; figs. 14—19, based on Mason & Smith 8322. All
from fresh material.
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Figs. 10-19. Sagittaria calycina Engelm.
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being bladeless. In Lophotocarpus californicus they represent
the juvenile stages in the ontogenetic development of the indi-

vidual plant. Both species begin flowering while still producing
juvenile leaves, and usually each plant continues to produce
inflorescences throughout the summer and early fall. The
remainder of our Californian species of Sagittaria rarely pro-

duce more than two inflorescences. We are to weigh these
characters against the so-called annual and perennial habit
and the distribution of the sexes in the inflorescence, a condi-

tion which is not too well established in any of the related

species. Obviously Sagittaria Sanfordii is more closely related

to Lophotocarpus californicus than to any other species of

Sagittaria. To place it in the genus Lophotocarpus would com-
pletely destroy the naturalness of Lophotocarpus in contrast to

Sagittaria. Yet the concomitance of characters demands that

however we may treat Lophotocarpus californicus generically,

so must we treat Sagittaria Sanfordii. To place them together
in Lophotocarpus destroys completely the character basis of

the original reference of S. calycina to Lophotocarpus by
Smith. Additional character differentiae do not warrant a

rediagnosis of Lophotocarpus to include S. Sanfordii.

We therefore conclude that at least so far as Sagittaria

calycina Engelm. and its segregates are concerned the objec-
tives of taxonomy are best served by retaining them in Sagit-

taria.

To conclude these remarks we need only to clarify Smith's
concept of Lophotocarpus californicus as distinct from L. caly-

cinus. Our field experience in the western states makes it amply
clear that there are no significant definable differences between
what Smith set up as L. californicus and what he retained as

L. calycinus. To serve as his nomenclatural type of Lophoto-
carpus californicus, Smith selected from the herbarium a slen-

der individual such as may be found in any dense stand of

these plants. The inflation of the dorsal wing of the achene is

so variable in the achenes of any well-developed fruiting head
that it lacks taxonomic significance. Both the inflated type of

achene ascribed to L. californicus and the flat type of L. caly-

cinus are to be found on any well developed fruiting head.
The range of variation in the stature of the plant and the leaf

pattern is enormous and gives evidence of representing stages
in the ontogenetic development of the individual as well as
ecological modifications. The fact that the plants begin bloom-
ing before they attain full maturity and continue to bloom
throughout the season contributes to the wide variation in

stature evident in the specimens preserved in herbaria.
Jepson (1912, pp. 79-80) recognized Lophotocarpus caly-

cinus and rejected L. californicus Smith. He also listed as a
synonym, L. fluitans Smith as represented by the illustration
in Smith's paper. All of these epithets represent individuals
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that are clearly within the range of variation evident in any
large stand of L. calycinus in California.

The following synonymy represents our opinion as to the
relationships of Sagittaria calycina:

Sagittaria calycina Engelm. in part, in Torr. Mex. Bound.
Survey. 11:212. 1859.

Lophiocarpus calycinus Micheli in DC. Monog. Phaner.
3: 61. 1881.

Lophotocarpus calycinus Smith, Rep. Mo. Bot. Gard. 6:

60. 1895.

Lophianthus calycinus Micheli (as an orthographic
error) in Smith, Mem. Torrey Bot. Club 5: 25. 1894.

Lophotocarpus californicus J. G. Smith, Rep. Mo. Bot.

Gard. 11: 146. 1899.

These studies have been made largely in the field and rest

upon observations of living plants as they vary locally and
geographically and as they vary with the progression of the
season. Herbarium studies were utilized to vouchsafe the
nomenclature and to arrive at an understanding of the concepts
expressed in the previous literature based upon herbarium
material. To document our facts the following California col-

lections have been deposited in the Herbarium of the Univer-
sity of California at Berkeley:

Sagittaria calycina Engelm. Lassen County: State Fish and
Game nesting area, west side of section 19, Madeline Plains,

1 August 1947, Grant & Schneider 8222; Colusa County: pond
on Colusa-Marysville Highway, 4 miles south of Colusa, 6 Au-
gust 1946, Mason & Grant 12961; 8 miles north of Colusa, 7

August 1946, Mason & Grant 12981; Sutter County: rice fields,

Sutter By-pass, just south of Marysville, 29 July 1949, Nobs &
Smith 1100; Sacramento County: irrigation ditch west of Rio
Linda, 15 August 1946, Mason & Grant 13007; San Joaquin
County: Daggett Road and Borden Highway, 12 September
1946, Mason 13126; between Banta and Stockton, 21 August
1946, Mason & Grant 13057; irrigation canal V± mile west of

Stockton, 25 September 1948, Nobs 692; Merced County: alka-

line stream 5 miles north of Volta, 29 June 1948, Mason 13579;

2 miles north of Volta, 6 July 1948, Nobs & Smith 6; vernal pool
at north end of Los Banos Wildlife Refuge, 2 miles north of

Los Banos, 9 July 1948, Nobs & Smith 67; V4 mile south of

Ingomar, 27 July 1948, Mason & Smith 8217; Crane Ranch,
south of junction of Merced and San Joaquin rivers, 11 August
1948, Mason & Smith 8322.

Sagittaria Sanfordii Greene. Butte County: West Gridley
road one mile west of Gridley, Pennington highway, 8 August
1946, Mason & Grant 13001; road between Gridley and Prince-
ton, 4 September 1946, Mason & Grant 13112; Merced County:
Los Banos Wildlife Refuge, 2 miles north of Los Banos, 19 July
1948, Nobs & Smith 169; Modesto Gun Club, 1 mile east of
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Gustine, 24 August 1948, Nobs & Smith 429; Highway 33, 2.4

miles north of Dos Palos, 13 July 1949, Nobs & Smith 965;

Mendota Pool, at entrance of Firebaugh canal, 10 August 1948,

Mason & Smith 8318; Crane Ranch, south of junction of Merced
and San Joaquin rivers, 11 August 1948, Mason & Smith 8320;

Snelling highway, 2 miles northeast of Merced, 19 August 1948,

Mason & Smith 8366.

It is a pleasure to acknowledge the field assistance of Dr.

Verne Grant, Mr. Irving Schneider, Mr. Malcolm Nobs, and Mr.
S. Galen Smith. The illustrations are from the skillful hand
of Mary Barnas.

Department of Botany
University of California, Berkeley
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MR. PINCE'S MEXICAN PINE
N. T. Mirov1

That's what Gordon (1858) called Pinus Pinceana, a rare
Mexican pine of the pinyon group. It was originally discovered
by M. Ghiesbreght "near the Hacienda del Potrees (?) in the
ravine of Mestitlan [Barranca de Meztitlan?], State of Hi-
dalgo." Ghiesbreght's specimen (no. 34) to which Gordon
refers in his original description is in the Mexican collection

at Paris, but has never been identified and named (Shaw,
1905). Martinez (1948) says that he could not verify this find-

1 Plant Physiologist, at Institute of Forest Genetics, California
Forest and Range Experiment Station, which is maintained by the
Forest Service, U.S. Department of Agriculture, in cooperation with
the University of California, Berkeley, California.
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ing because of the deforestation of the area. Martinez also

discredited Gordon's mentioning that this pine was collected

by Mr. Charles Ehrenberg "upon a mountain ... at a place

called Cuernavaca [i.e., in the State of Morelos] at an elevation

of from 8000 to 9000 feet." This may have been an error on
Gordon's or on Ehrenberg's part.

Palmer collected this pine at Carneros (i.e. sheep) Pass in

1880. According to Shaw (1905) the cones of the pine somehow
became placed together with the foliage of another pine, and
the whole was duly described as Pinus latisquama Engelm.
Later Pringle collected the pine at the same Carneros Pass
and Shaw himself found a few trees at this locality in 1904,

"about 2 miles NW of the station." The Carneros locality

probably was visited by so many botanists because, being
located on the main railroad line from Saltillo to San Luis
Potosi, it was rather easy to reach in those days when roads
were poor. Later, P. Pinceana was shown to occur in other
localities of southeastern Coahuila (Johnston, 1943).

Martinez mentioned the occurrence of Pinus Pinceana in

one locality in the State of Queretaro (Rancho de El Maguey
Verde, near Camargo, G. Aguilar) and one locality, in Hidalgo
(La Mesa, Pringle 2293) . Martinez did not see the latter

specimen.
The remaining eight localities listed by Martinez were all

in eastern Coahuila, chiefly in different ranges of the Sierra
Parras, which extends from east to west between the deserts
of Coahuila and Zacatecas. Martinez does not think that Pinus
Pinceana occurs in Zacatecas although there are, to quote
Martinez (1948, p. 99) in "el Herbario de Washington ejem-
plares que se dice fueron collectados en el Pico de Teyra y en
la Sierra de Zuloaga, Zac." To sum up, apparently Pinus Pin-
ceana occurs in a few scattered localities of southeastern Coa-
huila, possibly in adjacent parts of Nuevo Leon, and perhaps
(subject to verification) in Queretaro.

The writer had an opportunity to see this rare pine in the
summer of 1950 in the State of Coahuila at Sierra del Garam-
bullo near Hacienda del Garambullo (not far from the station
El Fraile of the Coahuila and Zacatecas Railroad) . Going from
Saltillo to the Hacienda de Garambullo, the writer observed
this pine on Carneros Pass and near El Fraile, and studied it

more closely near the settlement of Garambullo at an elevation
of 7,000 to 7,500 feet. All these three localities are listed in
Martinez' book.

Near Garambullo, as well as in the two other localities,

Pinus Pinceana (locally known as pino bianco, which may be
interpreted as light, or sparse, foliage pine) grows in rocky
gulches or draws where water may rush during the summer
thunderstorms, but which are generally very dry. It is not
"associated with Pinus cembroides" as Shaw (1914, p. 40)
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U.S. Forest Service Photo

Fig. 1. Hacienda Garambullo, Coahuila. Pendant branches of
Pinus Pinceana in left foreground.

suggests. The latter pine, which is called by the local people
pino prieto (i.e. a pine with dark or dense foliage) does occur
near Garambullo but it grows in small clusters on the rounded
tops and on the upper slopes of the mountains, and was not
observed in the draws.

Pinus Pinceana is not a bushy tree (cf. Shaw, 1914, p. 40),

neither is it as tall as Gordon says. The trees observed were
twenty to thirty feet high, rather crooked and distorted, with
a rough grayish bark and shiny light brown cones about three
inches long and one and one-half to two inches wide. Seeds are
wingless, one-half inch long and three-eighths inch wide, and
of a dark brown color. The seed shell is about one-sixteenth
inch thick and very hard.

The trees have the appearance, as Gordon says, of a weep-
ing willow although to the writer they looked from a distance
more like the pepper tree (Schinus molle). Their long and
slender but not brittle branchlets are very different from most
pine branchlets, and in their graceful beauty they have only
one rival among the Mexican pines—the Lumholtz pine, com-
monly called pino triste or sad pine.

Pinus Pinceana grows in association with Rhus and Cerco-
carpus shrubs, barrel cactus, scrub oak and occasional tall

yuccas whose leaves are closely clipped by hat-makers.
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The foreman of the hacienda, who is an old man, told us
that although he had twice sent foliage and cones to Mexico
City, he did not remember any botanist having collected Pince's

pine in the locality. Dr. Elbert L. Little Jr., Dendrologist of the
United States Forest Service, wrote to the author that there
are no pictures in botanical publications that would show
P. Pinceana in its native habitat. Also, there are no pictures

of this pine in the extensive photographic collection of the
United States Forest Service. Hence, the photograph accom-
panying this article may be the first published picture showing
this rare pine in its natural environment.

In conclusion, it may be appropriate to mention that the
chemical composition of Pinus Pinceana turpentine (just deter-

mined by the author of this article) differs considerably from
that of the turpentine of the Pinus cembroides complex, in that

Pinus Pinceana turpentine consists largely of limonene with
some carene and alpha-pinene, and an unknown sesquiterpene,
while the pines of the P. cembroides complex possess turpen-
tines consisting mostly of alpha-pinene with some limonene,
and whose sesquiterpene fraction consists either of cadinene
(in American pinyons) or of longifolene (in the Mexican
pinyon) . Thus, biochemically Pinus Pinceana is situated be-
tween the pinyons and the rest of the genus Pinus.

As Dr. Martinez showed diagrammatically in his book
(1948, p. 87) Pinus Pinceana and perhaps P. Nelsoni may be
considered as connecting links between the Pinus cembroides
complex and the rest of the genus. This writer's study of the
chemical composition of Pinus Pinceana turpentine supports
this conclusion.

The writer wishes to express his appreciation to the Asso-
ciates in Tropical Biogeography at the University of California
for assistance in studying the native pines of Mexico, one of

which was Pince's pine.
Berkeley, California
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NOTES ON VAUCHERIA LONGICAULIS HOPPAUGH
Wm. Randolph Taylor

In 1930 Dr. K. M. Hoppaugh described a large species of

Vaucheria from Elkhorn Slough in Monterey County, Califor-

nia, as V. longicaulis, and treated it as a member of the Pilobo-

loideae most closely related to V. litorea C. Agardh. The present
writer, needing material for comparison with Bermudian spe-

cies in the same section of Vaucheria, asked Professor George J.

Hollenberg of Redlands University to collect specimens from
the type locality, which he most kindly did in the summer
of 1951. The plant is reported as essentially marine, growing
partly embedded in a very muddy bank which is exposed by
the considerable tidal flow at low water, and probably receives

little river water in the summer. The original description is

brief and lacks some important details, such as the oospore
dimensions; Dawson (1946) accepts only V. litorea as found in

marine locations on the west coast. The following notes are
offered as supplementary to the type description and as con-
firmatory of the distinctive character of the species.

The filaments of this plant seem rather loosely associated,

not matted, sparingly branched and generally 45-72 microns
in diameter, somewhat thicker than the 33-60 microns of the
original description. Sporangia are present, presumably aplano-
sporangia, since such rather than zoosporangia are reported in

this section of the genus. They terminate straight branches
which increase in diameter very gently for a long distance
below the tip, where transverse walls isolate the cylindrical to

obovoid spores (fig. 7) , which are generally liberated by dis-

solution of the distal sporangium wall (fig. 10) . In one instance
the filament proliferated through the sporangium wall (fig. 9)

.

No considerable number of sporangial measurements was
made, but it was evident that they were smaller than the
oogonia, reaching about 90-120 microns in diameter, and 225
microns in length. None was seen with a thick spore wall.

The sexual filaments are dioecious, as originally described.
The antheridia are formed terminally and laterally in small
series (figs. 1, 2) and are usually but not always separated
from the filament by hyaline supporting cells, which are absent
from the two lower antheridia in figure 2, but present below
the terminal one. They approximate the diameter of the fila-

Figs. 1-11. Vaucheria longicaulis: 1, 2, terminal portions of male
filaments, the antheridia showing various numbers of discharge
papillae x 73; 3, a single antheridium x 73; 4, terminal portion of a
branched female filament showing three oogonia x 73; 5, 6, oogonia
with mature oospores X 147; 7, young sporangium terminating a fila-

ment X 92; 8, empty sporangium x 92; 9, proliferation of a filament
through the base of an empty sporangium x 92; 10, germination of an
aplanospore in situ x 73; 11, proliferation of a filament through the
base and side of an abnormal oogonium x 110.
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Figs. 1-11. Vaucheria longicaulis.
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ment and vary from half to three times this in length. The
antheridia are spindle-shaped, usually largest at the middle
or a little above, in diameter 60-90 microns, averaging 78 mi-
crons exclusive of the papillae, and in length 450-680 microns,

averaging 551 microns, thus much wider than cited by Hop-
paugh (45-60 microns) , whose maximum is no greater than
the filament diameter she describes. Those in our plants always
exceeded the diameter of the supporting filament. The dis-

charge papillae are conical, not as tubular as in some Pilobo-

loideae, and in number rather less than she cited, usually

three or four.

The oogonia are terminal on leading axes, or at the end
of lateral branches about twice the length of the oogonia. They
quickly become pyriform (figs. 4-7) , and the sharp expansion
toward the distal end makes it easy to distinguish them from
sporangial rudiments when young. In no instance was a special

basal cell seen, nor were the rather long branches bearing the

oogonia at all recurved. These were the chief characters offered

by Hoppaugh to separate V. longicaulis from V. litorea, and
they seem quite constant. Our measurements give the range
in length as 242-430 microns and the average as 360 microns,
the width as 140-200 microns and the average as 160 microns;
this agrees well with her figures for length of 275-440 microns,
but our average width is much over her mean of 137 microns.
There frequently may be seen a scar, part way up the empty
oogonium, similar to that noted by the writer in other Pilobo-
loidae (figs. 5, 6) . The distal fertilization pore does not remain
distinct. The oospore protoplast withdraws completely from
the oogonial wall and forms its own spore wall free from the
sac. The spores have firm but rather thin brown walls, and
may be either spherical or slightly oval. They are quite free

from the oogonial wall (figs. 5, 6) ,
though they sometimes

touch it. This is in contrast to the condition in V. piloboloides.

The width varies from 115-165 microns, the average being 141

microns, the length 130-200 microns, the average 163 microns.
Dr. Hoppaugh did not consider the oospore dimensions reliable

and gave no measurements, but the writer found them as good
as any other measurements. Occasionally a very thick colorless

refractive wall was seen, reaching 11-15 microns in thickness,

but this seemed abnormal (fig. 11). The example drawn also

happened to show a proliferation of the filament into the
oogonium through the base, and out the side.

Whereas the absence of the special supporting cells and
straight rather than recurved oogonial branches suffice to dis-

tinguish V. longicaulis from V. litorea, we may also note that
there are size differences between respective organs of these
species. These generalities are based on an inspection of a num-
ber of references to V. litorea (Brown 1929, Collins 1909. De-
Toni 1889, Farlow 1881, Hamel 1930-31) although when one
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compares individual descriptions of V. litorea with each other
one finds considerable variation. The most marked disagree-

ment comes with the description and figure given by Newton
(1931, p. 104, fig. 68B-D), whose cited dimensions for the an-
theridia of 55-65 microns would make them slenderer than the

filaments, given as 70-95 microns, although she figures them as

wider. Perhaps her description "oogonium almost spherical,

190-450 microns in diam." refers to the oospore, since she figures

the oogonium as a clavate structure (fig. 68D), though one
must observe that 450 microns is unexpectedly long, even for

the longer diameter of these oospores, more in line with the

longer dimensions given for oogonia (DeToni 1889) . However,
we may accept it that the filaments and the antheridia of

V. litorea are in general distinctively more slender than in

V. longicaulis, the oogonia are not very different in size, but
the oospores are considerably smaller.

University of Michigan,
Ann Arbor, Michigan
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CAREX DIVERSISTYLIS, A NEW SPECIES
FROM OREGON
Archibald W. Roach

Carex diversistylis sp. nov. Caules quam folia breviores
glabri ca. 10 cm. alti e rhizomatibus brevibus. Paginae foli-

orum 1.5 — 2.5 mm. latae. Spicae masculae solitariae 7 — 9
mm. longae 1.5 mm. latae; spicae feminae 2 — 4 infimae folio

suffultae; flosculis 4 — 8; perigynia 2 — 3 mm. longa valde
stipitata pubescentia orbiculata elliptica bicarinata ceterum
enervata rostro abrupto 1 mm. longo apice vix bidentato;
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styli 2 — 3 (plerumque 3) in eadem spica; squamae ovatae
acuminatae vel acutae.

Low cespitose mats from short rootstocks; the culms
ranging from very short to 10 cm. high, shorter than the
leaves, very slender, smooth. Leaf blades light green, 1.5 —
2.5 mm. wide, slightly roughened towards apex, basal
sheaths dark red, nerves scabrous; bract of lowest non-basal
pistillate spike leaf-like, exceeding culm, slightly brown-
tinged at base. Staminate spike solitary, 7 — 9 mm. long,

1 — 1.5 mm. wide; pistillate spikes 2 — 4, usually 4 — 8

flowered, upper 1 — 2 approximate, short-pedicellate, lowest
basal spike on a filiform peduncle subtended by a leaf;

perigynia 2 — 3 mm. long, strongly stipitate, pubescent,
2-keeled but otherwise nerveless, body more-or-less terete,

elliptic, abruptly narrowed to a beak 1 mm. long, one-third
as long as the body, apex scarcely bidentate, styles 2 or 3,

mostly 3, in same spike; scales ovate, acuminate or acute,

light green or with chestnut submarginal stripes, midnerve
green often scabrous towards apex.

Type. Among interstices of basalt blocks one-quarter
mile north of Clear Lake Junction on U.S. Highway 20, Linn
County, Oregon, A. W. Roach 202, June 10, 1949 (Oregon
State College Herbarium)

.

Carex brevipes W. Boott and C. Rossii Boott are close

relatives of C. diversistylis. In detailed comparative charts
of characteristics, the latter differs from both chiefly in a

diversity of style number and an absence of culm scabrous-
ness. In the section Montanae of the floras of Abrams (1940,

p. 286), Mackenzie (1940, pi. 229), and Peck (1941, p. 163),

this entity runs to C. brevipes since its perigynia are of the
same length and its beaks are shallowly bidentate. Yet its

culms are shorter than the leaves, the staminate spikes are

smaller, the pistillate spikes are much fewer-flowered, and
the perigynial beaks are chestnut-striped. And though these
characters are typical of C. Rossii, C. Rossii has larger, more
pubescent perigynia whose beaks are more deeply bidentate.

Other sources (Fernald 1950; Small 1933; Marie-Victorin
1947) failed to reveal other species of close affinity.

The occurrence of 2 or 3 styled gynoecia in the same spike
is of particular interest in that it is rare for this genus.

However, one other species, the trigonous C. novae-angliae
Schwein., which occurs in this tribe, shows diversistyly

(Marie-Victorin 1947, p. 725)

.

The complete range of the new species is not known.
The type material was secured during the compilation of

floristic lists for a phytosociologic analysis of the associations

of the Nash Crater lava flows (Roach, 1950) . This area,

roughly ten square miles in extent, is the northern end of a
recent magmatic chain (490 years old) which extends from
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the Santiam region south to the McKenzie-Three Sisters

region. Since this species is wide-spread in scattered mats
over the barer basalts in association with Juncus Parryi
Engelm. and Penstemon Menziesii var. Davidsonii (Greene)
Piper, and in view of its communal-edaphic amplitudes it

seems possible that this species is co-extensive with the
whole more-or-less homogeneous chain of basalts.

Grateful appreciation is acknowledged Dr. H. M. Gilkey,
Curator of the Oregon State College Herbarium who con-

firmed the style diversity in the fresh material and later

checked the work on this species; Miss D. Babb, North Texas
State College, who criticized the Latin context; and Mrs.
R. S. Ferris, Assistant Curator of the Dudley Herbarium,
who loaned authoritative specimens.

North Texas State College,
Denton, Texas.
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REVIEWS
Handbook of North Dakota Plants. By Orin Alva Stevens.

The North Dakota Institute for Regional Studies, North Dakota
Agricultural College, Fargo, North Dakota. 324 pp., frontis-

piece, figures 1-319. 1950. $4.50.

The Handbook of North Dakota Plants satisfies a long-felt

need for a comprehensive manual on the Flora of North
Dakota. It is limited to plants known to occur in the State as
native or introduced species which are growing in the wild.
Although the Handbook is based primarily on botanical collec-

tions beginning in 1890 with the establishment of the North
Dakota Agricultural College, it has drawn heavily upon the
careful field and herbarium studies of the North Dakota flora

made by Dr. Stevens over a period of forty years. This is

reflected in the brief but very useful and pertinent comments
on various species. Aside from the usual technical descriptions,
the volume contains much useful information on the ecology,
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distribution, poisonous properties, food value, and other note-
worthy items not usually referred to in botanical manuals.

The Handbook includes a brief history of early botanical
explorations in North Dakota. Also included under general
information are maps of the State showing the counties and
principal cities, the chief physical features, and sixteen outline

maps of the State showing typical plant associations and
species distributions.

The author has treated species and species names conserva-
tively. For example, all of the genus Amelanchier is included
under the single species, A. alnifolia Nutt., even though other
authorities at times have described North Dakota material
under several additional species names. In cases of this type,

where the author has had a wide personal field acquaintance
with the native material and could not establish the presence
of fundamental taxonomic differences, he has generally avoided
the separation into additional species.

The figures are of excellent quality and were largely photo-
graphed, or, in the case of line drawings, drawn specifically

to serve a certain purpose in the Handbook. The binding, paper,
and printing are of good quality, and the text is quite free of

typographical errors. It includes descriptions of 1143 species

and 102 families.

The student and teacher will find informative suggestions
on the use of keys. The general key to families is supplemented
with 82 carefully chosen line drawings that are printed in the
margin of the key. Due to the limited number of genera, the
keys to the species usually follow the general description of

the family. A single key may be used for the genera and species
in a family, especially if the genera include only a few species.

This may result in slight confusion to those who are accus-
tomed to having separate keys for genera and species.

The Handbook is intended for use in studying a rather
limited flora which includes part of the transition zone between
the eastern woodland flora and the grassland flora of the Plains.
Within its proper range it is an exceptionally useful volume
to the amateur and professional alike. Joseph H. Schultz,
Department of Horticulture, North Dakota Agricultural Col-
lege, Fargo, North Dakota.

Flora of the Charleston Mountains, Clark County, Nevada.
By Ira W. Clokey. University of California Publications in
Botany, vol. 24, vi + 274 pp., map. 1951. University of Cali-
fornia Press, Berkeley and Los Angeles. $2.75 (paper), $3.75
(cloth).

Intensive study of the vegetation of restricted areas is a
phase of botanical activity too often neglected. Concentration
on a limited field enables an observer to acquire a deeper and
more accurate view of the variability, ecological requirements,

f
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relative abundance and seasonal behavior of his species than
is otherwise possible. It is upon such observation, especially

when backed up, as in this case, by an exceptionally ample
and widely distributed herbarium record, that a picture of

larger and more natural floristic regions can be built up. In this

respect, apart from its intrinsic merit, the Flora of the Charles-

ton Mountains will be welcomed and valued as an important
step towards an understanding of the Intermountain and
Desert floras, inasmuch as the range lies at or near the point

where the Mojavean and Great Basin floras meet and overlap.

The Charleston Mountains, as delimited for the purpose of

the Flora, cover an area estimated at some 650 square miles
lying just west of the California line in Clark County, Nevada,
and extend from the base of the foothills at about 1000 meters
to the summit peak at 3630 meters. The periphery is and can be
only vaguely denned, but it embraces the alluvial fans enclosed
by outlying spurs, while the adjacent valley-floors (and
thereby such species as Arctomecon californica, Phacelia Pa-
rishii, etc.) are excluded. It should be noted that the otherwise
serviceable map is not exactly coextensive with the area cov-
ered, Indian Springs, for example, repeatedly mentioned in

the text and an important type-locality, lying beyond its north-
eastern limit. The broken nature of the terrain, especially of

the abrupt eastern escarpment, with its hot desert valleys,

cliffs, box-canyons and, upward, the cooler but still largely

arid pine-forests, aspen-groves and finally a small area above
timber-line, provides a great variety of habitats, and the flora

is rich and remarkable. Clokey enumerates 699 ferns and seed-
plants from the Charlestons, and states his belief that the list

is at least 80 per cent complete. This strikes the reviewer as a

modest estimate. Certainly we may expect here several species
known from a few miles outside the limits of the Flora (such
as Selinocarpus diffusus, Mortonia utahensis, Astragalus sabu-
lonum, Coldenia Nuttallii, Nama pusillum, Salvia mohavensis,
to name a few) , some that occur on both sides of the range
(Phacelia geraniifolia) and others new or surprising, but
hardly so great an increase as 20 per cent (between 80 and 90)

.

The number is in any case impressive. No comparable figure

for a range in the interior is available, but we may contrast
it with the 761 taxa, as given by Sharsmith (Am. Midi. Nat.
34:289-367. 1945), in the Mount Hamilton Range in California,

an area twice as great though physiographically less varied.

Special interest attaches to the large endemic element of 31
taxa (or about 4.5 per cent) , some of them taxonomically iso-

lated, though we may expect this total to be somewhat reduced
as the calcareous mountains of central Nevada become better
known.

The plan of the Flora follows closely that adopted by Kear-
ney and Peebles for their Flowering Plants and Ferns of
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Arizona, a model hardly to be improved upon where space
forbids individual specific descriptions. The main body of the

work consists of an annotated list, with excellent keys to the

families, genera, and, when more than one, to the species.

Each genus is described briefly, and under the specific heading,
following a rather full synonymy and quotation of type-

locality, all known collections of the species from the Charles-

tons are recorded, with a general statement of its frequency
there, its altitudinal limits, extralimital range, and other perti-

nent data. Note is taken in each case of the species' association

with one or more of eleven woody plants used as zonal indi-

cators, the Merriam life-zones being too feebly or erratically

expressed to be of much service in the Charleston Mountains.
The principal indicators are creosote-bush, sagebrush, Utah
juniper, pinyon, and the yellow, limber and bristlecone pines.

Although the Peak rises beyond the limit of trees, there is no
truly alpine flora.

The descriptive text is preceded by a short but informative
outline of the region's geological history (contributed by
Chester R. Longwell)

,
forming a background against which

the diverse origins of the vegetation can be to some measure
understood. Concise notes on the physiography of the area,

the climate, and a highly interesting list of the strictly endemic
and near-endemic species are provided. The entire flora and
the endemic element are analysed according to the approxi-
mate zone of occurrence and their floristic relationships, and
it is brought out that middle elevations in the Charlestons,
corresponding roughly with the pinyon-juniper and yellow-
pine forests, are richest by far in number of species, while the
relationship of the majority is with the Great Basin, broadly
interpreted. However, far northern, Mexican, Rocky Mountain
and Sierran elements are more or less strongly represented,
and it becomes clear that the Charleston Mountains have pro-
vided both a sanctuary for the preservation of relics from
floras once more widespread and, by reason of their long isola-

tion, a theatre for the evolution of new forms. This combina-
tion makes the region of the highest interest to phytogeog-
raphers.

During the preparation of the Flora, Clokey corresponded
widely with fellow-botanists, seeking advice and determina-
tions from specialists wherever possible. The treatments of

several families or genera were contributed by acknowledged
authorities, and no effort was spared to bring the nomenclature
into line with the best current usage. This is no mere compila-
tion, however. Each determination by others passed before the
keen and sceptical scrutiny of the author, and his personal
viewpoint is vigorously stated in discussion of particular prob-
lems of identity or taxonomic status. The conservative view
of the species is uniformly that of Clokey himself. Many groups
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were, of course, worked up by the author himself, as attested

by a series of six preliminary papers published, largely in this

journal, between 1937 and 1945. These stand as evidence of the

sound original research on which the Flora is based.

The Flora of the Charleston Mountains appeared post-

humously under the able editorial guidance of botanists at the

University of California, Berkeley, where the Clokey Her-
barium, upon which the work so largely rests, is housed. We
cannot but regret that the author did not live to experience
the pleasure of turning the pages of this handsome volume
upon which he worked long and arduously in the face of failing

health, and upon the publication of which, as the principal

achievement of a lifetime devoted to botany, he placed great

store. We can be sure, however, that this work, a significant

advance in the documentation of the western flora, will prove
an enduring memorial to the labors of a gifted botanist. Ru-
pert C. Barneby, Wappingers Falls, New York.

NOTES AND NEWS
Jeffrey Pine in the South Coast Ranges of California.

Jeffrey pine has been reported locally in California in the
South Coast Ranges as far north as the mountains near San
Luis Obispo, in the San Bernardino and San Jacinto mountains
and southward into the San Pedro Martir Range in Baja Cali-

fornia, Mexico. This species is most common and important in

the Sierra Nevada, localized on the western slopes of the range
and commonly forming pure stands on the eastern slopes.

Jeffrey pine also occurs in the northern Coast Ranges, in Men-
docino and Humboldt counties, usually being restricted to

serpentine outcrops. Although the presence of this species here
is not too well publicized, it has been mapped by members of

the Forest Survey (California Forest and Range Experiment
Station) . Samples obtained by Paul Zinke of the Forest Survey
show that Jeffrey pine from the northern Coast Range has
characters similar to Jeffrey pine from other areas.

During a recent study of the natural hybrid between P.

Jeffreyi Grev. and Balf. and P. Coulteri Lamb., two small popu-
lations of Jeffrey pine, totaling several hundred trees, were
found on Chew's Ridge in the northern Santa Lucia Mountains
in the Los Padres National Forest, Monterey County, California.

These populations are at 5,000 feet elevation, on the ridge top
both to the north and southwest of the Chew's Ridge lookout
tower. This locality is approximately 100 miles north of the
San Luis Obispo County Jeffrey pine occurrence. When the
study was undertaken, Jeffrey pine was not known to occur
in the Chew's Ridge region; at least, no reference could be
found in the literature, and no one with whom the writer
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talked was aware of its presence there. It was thought this idea

was confirmed when a communication dated May 4, 1951 was
received from Mr. A. R. Campbell, District Ranger of the

Monterey Division of the Los Padres National Forest, which
stated that Jeffrey pine had not been previously reported in

this locality. However, a follow-up letter, dated October 23,

1951, stated that he had found an entry in an old diary of

March 11, 1910 as follows: "Rode over Jeffrey pine plantation

on Chew's Ridge—further instructions for mapping". That is all

that could be found, neither maps nor further references to

the plantation being located.

On the strength of the above it would seem that Jeffrey

pine growing in this area is the result of plantations, and not
isolated natural populations as at first suspected. However,
without more investigation, neither can be proved. Mr. Camp-
bell states that a very severe fire burned through this region

in 1928. Some of the present Jeffrey pine became established

about this time, while the majority are somewhat older.

Regardless of its source, the Jeffrey pine growing in this

region has an exceptional growth rate and vigor; those trees

measured had a mean annual diameter growth of 0.53 inches,

a rate considerably in excess of that for other Jeffrey pine
populations studied, whose diameter growth averaged less

than 0.30 inches a year. The morphologic, anatomic and oleo-

resin characters are similar to those of Jeffrey pine from other
areas.

In the vicinity of the one Jeffrey pine population, several

small trees were studied that had characters similar to the
Jeffrey-Coulter pine hybrid. All but one of these were rela-

tively small and their presence could be explained from either

the natural or plantation viewpoint of the source of this Jeffrey

pine. However, one of the trees with hybrid characters was
relatively large, and must have been there before the planta-
tion establishment. Apparently Jeffrey pine is not spreading
too successfully here, for the majority of reproduction in the
Jeffrey populations has the characters of either Coulter pine
or the Jeffrey-Coulter hybrid.

Another interesting area where Jeffrey pine is growing is in

the San Carlos Range (San Benito County) east of King City
in the region around New Idria. Although known to some
botanists and foresters, no reference was found in the literature
to Jeffrey pine growing here. The trees from this area have
characters similar to other Jeffrey pines, although some varia-
tion is found due to the occasional hybridization with Coulter
pine and to the presence of extreme site conditions, the area
being very dry, with sandy, serpentine, alkaline soil. Bruce
Zobel, Texas Forest Service, College Station, Texas.
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NOTES ON MALVACEAE 1
III.

ABUTILON AND PSEUDABUTILON IN THE GALAPAGOS
ISLANDS

Thomas H. Kearney

Many specimens, similar in habit and appearance to Abuti-
lon umbellatum (L.) Sweet, have been collected in the Gala-
pagos Islands. One of these, collected on Charles Island by
Darwin, was described as Sida depauperata Hook. f. and was
transferred by Andersson (1853, p. 230) to the genus Abuti-
lon, although the combination Abutilon depauperatum (Hook,
f.) Andersson seems to have been effectively published first

by Robinson (1902, p. 173). Garcke (in Andersson ibid.) de-
scribed as another species Abutilon Anderssonianum, based on
collections by Andersson on Chatham and Charles islands. This
he distinguished from A. depauperatum as having acute calyx
lobes and fruits of 8 or 9 3-seeded carpels, whereas J. D. Hooker
had described Sida depauperata as having obtuse calyx lobes

and 5 or 6 carpels, these 3-5-seeded. The present writer has
seen no specimens of Abutilon or Pseudabutilon from the
Galapagos Islands having obtuse calyx lobes or carpels con-
taining more than 3 seeds.

Robinson (ibid.) listed both A. Anderssonianum and A.
depauperatum, remarking, however, that the latter is "perhaps
only a dry soil form of A. Anderssonianum." (The statement
should have been reversed, Sida depauperata Hook. f. having
been the earliest published name of a Galapagos Island Abu-
tilon or Pseudabutilon.) Under these two names Robinson listed

specimens from eight of the islands. Stewart (1911, p. 100)

questioned the validity of the characters given by Garcke for

distinguishing A. Anderssonianum, and reduced the latter to

synonymy under A. depauperatum. Svenson (1935, p. 243; 1946,

p. 465) went farther, reducing both A. depauperatum and A.
Anderssonianum to synonymy under A. umbellatum (L.)

Sweet, a somewhat polymorphic species that is widely dis-

tributed in tropical America, from Mexico and the West Indies

to Bolivia.

The present writer would refer to A. umbellatum all speci-

mens of true Abutilon from the Galapagos Islands which he
has had opportunity to examine. These are mostly fewer-
flowered and with less umbelliform ultimate divisions of the
inflorescence than in what may be regarded as typical A. um-
bellatum. Otherwise they do not seem to differ in any essential

character from that species as described by Cavanilles (1785-90,

pp. 28-29, t. 6, fig. 3 and t. 129, fig. 2, as Sida umbellata L.),

1Previous papers with this title were published in Leafl. of Western
Bot. 6:51-52 (1950) and 6:165-172 (1952).
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Grisebach (1859-64, p. 78), Schumann (1891, p. 373), Standley
(1923, p. 750) and Fawcett and Rendle (1926, p. 97), although
some of these authors indicated that there may be as many as

10 or 11 carpels in the fruit.

It was discovered by John Thomas Howell that in the type
of Sida depauperata Hook. f. at Cambridge University, and in

several other Abutilon-like specimens collected in the Galapa-
gos Islands by himself and by Alban Stewart, the carpels have
an internal, tongue-like, horizontal "intrusion" of the dorsal
wall more or less completely dividing the cavity, in other
words an endoglossum. No trace of such a structure could be
found in numerous other specimens from these islands which
the writer, following Svenson, would refer to Abutilon um-
bellatum, although, in habit and appearance, the plants with
and without an endoglossum are remarkably similar.

The specimens possessing an endoglossum belong, techni-

cally, to the genus Pseudabutilon R. E. Fries (1908) and, the
3 seeds in the carpels being in one vertical series, to subgenus
Abutilastrum (E. G. Baker) R. E. Fries. The endoglossum is,

however, usually less developed than in most species of Peuda-
butilon, so that, in most of the specimens, it does not divide the
cavity into two nearly closed compartments. In general, it is

more like the endoglossum found in several species of Sphaer-
alcea, in which genus the occurrence of this structure seems to

be sporadic, as noted by Kearney (1935, p. 13) and by Krapo-
vickas (1949, p. 191).

The Galapagos specimens with an endoglossum, although
more like Abutilon than Sphaeralcea in most of their charac-
ters, resemble the latter genus also in having the basal part of

the mericarps reticulate. Fries did not mention reticulation in

his descriptions of the genus Pseudabutilon or of any of the
species described in his monograph, although it is indicated
in his illustration of a mericarp of P. longepilosum R. E. Fries

(1908, t. 7, fig. 21) . In numerous specimens from Argentina
identified by the present writer as Pseudabutilon callimorphum
(Hochr.) R. E. Fries and P. Stuckertii R. E. Fries, the basal
portion of the carpel (below the septum) is distinctly although
sometimes rather faintly reticulate.

It seems necessary, therefore, to regard Sida depauperata
as a species of Pseudabutilon, differing from the otherwise re-

markably similar Abutilon umbellatum in the presence of an
endoglossum and of reticulation on the basal portion of the
mericarps, these being also longer and narrower than in most
specimens of A. umbellatum 2

. It is not referable to any of the
previously published species of Pseudabutilon.

2Carpels 7-8 mm. long and less than 2/5 as wide in the Galapagos
Pseudabutilon, 5-7 mm. long and usually at least half as wide in speci-
mens of Abutilon umbellatum from the Galapagos Islands and else-

where in western South America.
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Pseudabutilon depauperatum (Hook, f.) comb. nov. Sida
depauperata Hook, f., Trans. Linn Soc. London 20: 232 (1847).
Abutilon depauperatum Anderss. ex Robinson, Proc. Amer.
Acad. 38: 173 (1902).

Plant shrubby or suffrutescent; stems up to 1.2 m. long,

much-branched, with strictly ascending branches; young stems,

petioles, and peduncles more or less densely stellate-tomentose,

the old bark pale brown and becoming fissured; leaf blades
(the lower ones) up to 18 cm. long and wide, the upper ones
successively smaller, from nearly orbicular to deltoid-ovate,

acutish to bluntly acuminate, crenulate to crenate-dentate,
sometimes obscurely 3-lobed, thin to rather thick, yellowish-
or brownish-green when dry, stellulate-pubescent on both sur-

faces, rather sparsely so above when mature, copiously to

densely so beneath especially when young, 7-veined from the

base, the veins and veinlets somewhat prominent beneath;
petioles of the lower leaves nearly as long as the blades, those
of the upper leaves much shorter than the blades; stipules

subulate or very narrowly oblanceolate, 4 to 10 mm. long, cadu-
cous; inflorescence a leafy open panicle, the flowers mostly in

subumbellate clusters of 2 to 6 at the end of ascending pedun-
cles up to 3 cm. long, the pedicels mostly 1-2 cm. long, articu-

late above the middle; calyx somewhat angulate in bud, 4-5

mm. long in flower, slightly accrescent, densely stellulate-

tomentose, cleft to below the middle, the lobes deltoid-ovate,

acutely acuminate; petals yellow fading whitish, about 8 mm.
long, 5 mm. wide near apex, cuneate-obovate, scarcely clawed,
united at base and with the base of the stamen column, veiny,

ciliate at base, otherwise glabrous; column stout, glabrous,
3.5-4 mm. long; stamens numerous, apical, the filaments very
slender, 1.5-2 mm. long; styles slender, elongate; stigmas small,

capitate; fruit short-cylindric, considerably surpassing the
calyx, 7-merous, densely stellate-pilose or subhirsute dorsally

and on the awns; carpels subgaleate, 2.5-3 mm. wide above the
notch, 7-8 mm. long excluding the awns, these 1-2 mm. long,

rather stout, erect or somewhat divergent, the carpels with a

tongue-like endoglossum at the lower third extending from
about one-half way to nearly across the cavity, inconspicuously
reticulate on the basal portion, from completely dehiscent on
both sutures to indehiscent below the endoglossum both dor-
sally and ventrally; seeds 3 in one vertical series or sometimes
only 2 developing, triangular-reniform, sparseh to copiously
papillate, the papillae sometimes in chains.

Known only from the Galapagos Islands, the type (of Sida
depauperata Hook, f.) from Charles oi Santa Maria (Floreana)
Island (C. Darwin in 1835, Herbarium of Cambridge Univer-
sity) ; Duncan or Pinzon Island (J. T. Howell 9822 and ? Stewart
1965); Hood or Espahola Island (Stewart 1966 J. T. Howell
8716 and ? 8749); Jervis or Rabida Island (J. T. Howell 9764):
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Tower or Genovesa Island (J. T. Howell 10107). The specimens
queried are immature.

Pseudabutilon depauperatum seems to form a connecting
link between the genera Abutilon and Pseudabutilon. (It is

assumed that an endoglossum is always wanting in Abutilon,

but until this very large genus has been thoroughly canvassed,
this remains an assumption.) The doubts expressed by Hoch-
reutiner (1920, pp. 422, 423) as to the importance of the endo-
glossum as a generic character and the tenability of Pseuda-
butilon as a genus appear to be more or less justified by the
discovery of this species which is so Abutilon-like in most
of its characters.

The species, as indicated in the description, is quite variable.

Variation in thickness of the leaves, density of the indument
etc. may be attributed to differences in the habitat, but it is

less easy to account for variations in the dehiscence of the
mericarps. R. E. Fries (1908, p. 96) in his description of the
genus Pseudabutilon stated that the mericarps are dehiscent

to the base ventrally, to the dissepiment (endoglossum) dor-

sally. The present writer found, however, that in fifteen speci-

ments from Argentina identified by him as P. callimorphum
and P. Stuckertii, eleven had the mericarps indehiscent or only
partially dehiscent below the endoglossum both ventrally and
dorsally, the remaining four specimens conforming to Fries'

description. Pseudabutilon nigripunctulatum (Ulbr.) R. E.

Fries, of Peru, is related to P. depauperatum, but has more
acuminate and more deeply dentate, black-punctate leaves.

A specimen of Abutilon Anderssonianum Garcke in the

herbarium of the Riksmuseum at Stockholm, collected by
Andersson and presumably part of the type material, was
examined by J. T. Howell and by the writer, and the carpels

were found to be without an endoglossum. It would appear,

therefore, that Svenson was right in regarding A. Andersson-
ianum as closely related to (perhaps only a few-flowered form
of) Abutilon umbellatum (L.) Sweet. This conclusion was
reached also by Prof. Dr. E. Ulbrich, who wrote to Mr. J. T.

Howell on December 2, 1935 (translated) : "I have again com-
pared Abutilon Anderssonianum Garcke with A. umbellatum
(L.) Sweet. The type material, which Garcke described, is

very scanty in our herbarium, but it is undoubtedly identical

with A. umbellatum (L.) Sweet. I must, therefore, concur with
Svenson in referring A. Anderssonianum to A. umbellatum."

California Academy of Sciences,
San Francisco, California.
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PLANKTON ALGAE OF SOME LAKES OF WHATCOM
COUNTY, WASHINGTON

George J. Schumacher and W. C. Muenscher

Whatcom County, Washington, is the extreme northwestern
county of the United States. It is bordered on the west by
Puget Sound, on the north by British Columbia, on the east

by the main divide of the Cascade Mountains and on the south
by Skagit County. In general topography, the ruggedness
increases from west to east and varies in elevation from the
low coastal area of the Puget Sound Basin to Mount Baker
which towers 10,780 feet above sea level. The western part

is mostly rolling uplands and alluvial stream valleys, which
are replaced by the low rounded foothills in the central area,

while Mount Baker and the Cascade Range dominate the
western portion.

Three main rivers drain the county (Muenscher, 1941).

The western part is drained by the Nooksack River and its

three tributaries which originate in the glaciers of Mount Baker
and empty into Bellingham Bay. The central and eastern parts
of the county are drained southward by the Skagit River and
the Baker River system while several streams drain to the
north into the Fraser River. Lake Whatcom, the largest natural
lake in the county, is drained directly into Bellingham Bay
by Whatcom Creek.
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The climate of Whatcom County is wet and temperate.
The warming influence of the Japanese Current and the pro-
tecting heights of the Cascade Mountains help to make the
Bellingham area a mild region for its latitude. In a ten year
period the highest temperature recorded for Bellingham was
92° F. and the lowest was 2°F. In this same region, over a
twenty-five year period, the average annual precipitation was
32.22 inches (U.S.D.A., 1941). Here the snow is usually light

and melts quickly, and an average of 250 days of the year have
neither rain nor snow (Mangum and Hurst, 1909).

In the higher mountainous altitudes the situation is dif-

ferent, with snowfall and cold wet weather being prevalent
for a period of ten months. In the vicinity of Mount Baker
Lodge the annual precipitation has averaged 110.96 inches for

a period of ten years and in this region snow may persist all

year around with some peaks being covered with ice caps or
glaciers.

Lakes Studied

Collections were made in eighteen lakes located in the
western half of Whatcom County. Lake Whatcom, about twelve
miles long, Samish Lake, about four miles long, and Silver
Lake, about one mile long, all have considerable stony and
sandy shoreline and sandy bottoms. Terrell Lake, which proved
to be the most fertile for this study, was drained in an attempt
to provide muck land for farming in the early 1920's. This
proved unsuccessful, however, and in 1949 a dam was con-
structed across its outlet and by December, 1950, the lake was
again flooded and now covers over 500 surface acres. The
other lakes are, for the most part, small and located in glacial

depressions. In many places they are bordered by peat bogs.

Their shores consist of floating moors and their bottoms are
composed of organic or mucky accumulations. Nearly all the
lakes support a considerable growth of aquatic flowering plants
in shallow areas and near shore. The lakes from which the
phytoplankton samples were studied are indicated on the map
(fig. 1).

Collections

The initial set of collections was made in the summer of

1929 by W. C. Muenscher. This collection was stored in a dark
cabinet until 1948 when G. J. Schumacher used this material
as a subject for a master's thesis and found therein a total of

152 species and 49 genera of algae (Schumacher, 1949). This
collection did not include any samples from Baker, Barrett
and Terrell lakes.

In 1949 Joanne P. Muenscher visited the area and made
a second series of collections. This included samples from
Judson, Samish, Silver, Whatcom, Willey's and Wiser lakes.



1952] SCHUMACHER AND MUENSCHER: ALGAE 291

\

^HAJCOM CD

f

MAP df WESTERN WHATCOM COUNTY,
WASHINGTON, 5HDWINB THE LOCATION DF
THE LAKES WHERE PLANKTON SAMPLES

WERE TAKEN.

Fig. 1. Location of lakes where algae were collected in Whatcom
County, Washington.

The third and final set of collections was made by W. C. Muen-
scher and Dr. Babette I. Brown during the summer of 1950.

Samples were taken from Baker, Barrett, Samish, Silver, Ter-
rell, Whatcom, and Wiser lakes. Thus the material used in this

report embraces a time span of twenty-two years, from 1929

The collections were made by using a plankton tow net of

No. 20 silk bolting cloth to strain the water. Most of the tows
were made in open water in the upper meter and wherever
possible several tows were taken in different parts of each lake.

The concentrated tows, each representing the strainings from
approximately ten liters of lake water, were preserved in five

per cent formalin in tightly stoppered bottles until examined.
These collections are now filed with the Botany Department
of Cornell University.

In any collection of phytoplankton there may be several
algae from the benthos. A few algae, not plankton in habit,

appeared in these collections. They are included in this study,
however, for they may suggest what other types of algae may
be found in the depths and about the shores of these lakes.

The classification of algae is not a clear or definite arrange-
ment. No matter which classification is used, inter-relationships

between the separated divisions exist. The system used in the
following list is based largely upon that of G. M. Prescott

(1951) , in which the nature of the cell wall, the pigments found
in the cell, the type of reserve food, and the means of reproduc-
tion are taken into consideration.

In the following list one or more numbers appear after each
individual alga. The numbers correspond with those assigned

to 1950.

Classification
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to the lakes on the map (fig. 1) . If an alga was found only in

the 1929 collections no letter will appear after the number,
if a letter follows a number this key should be used.

a. Found in the 1949 collection.

b. Found in the 1950 collection.

c. Found in the 1929 and 1949 collections.

d. Found in the 1949 and 1950 collections.

e. Found in the 1929, 1949 and 1950 collections.

f. Found in the 1929 and 1950 collections.

Thus the numbers show the distribution of the species by
lakes throughout the county and the letters denote the date
of the collections in which they were found.

Division

—

Cyanophyta. Class

—

Myxophyceae
Order

—

Chroococcales

1. Chroococcaceae
Aphanocapsa elachista W. & G. S. West, lb, 14b.

A. Grevillei (Hassel) Rab., 10, 14b, 16a.

A. rivularis (Carm.) Rab., 12, 17.

A. nidulans P. Richter, 12a.

A. prasina A. Braun, 5.

A. stagnina (Sprengel) A. Braun, 8, 10, 11.

Chroococcus limneticus Lemm., 6, 8 ,11a, 12c, 15, 16, 17a.

C. minutus (Kuetz.) Naeg., 4, 5, 8, 9, 10, 16, 17.

C. turgidus (Kuetz.) Naeg., 10.

Coelosphaerium dubium Grunow, 12a.

C. Naegelianum Unger, 14b, 16e, 18a.

Gloeothece rupestris (Lyngb.) Bornet, 8.

Merismopedia glauca (Ehr.) Naeg., 16b.

M. tenuissima Lemm., 17a.

Microcystis aeruginosa Kuetz., 12a, 17a, 18a.

M. aeruginosa var. major (Wittr.) G. M. Smith, 15.

M. flos-aquae (Wittr.) Kirchn., 7, 8, 10, 11, 17a.

Order

—

Hormogonales
1. Oscillatoriaceae

Arthrospira Gomontiana Setch., 11.

A. Jenneri (Kuetz.) Stiz., 7.

Lyngbya spirulinoides Gomont, 16a.

OSCILLATORIA AMPHIBIA Ag., 9.

O. chalybea Mert., 2b.

O. limosa (Roth.) Ag., 16, 2b, 4, 5, 7, 14b, 18.

O. princeps Vauch., 2b, 7, 14b.
O.tenuis Ag., 4, 5, 6, 9, 11, 13, 16f, 17a.

Phormidium naveanum Grunow, 5.

Spirulina major Kuetz., 11.

S. Nordstedtii Gomont, 12.

S. princeps (W. & G. S. West) G. S. West, 15.

2. Nostocaceae

Anabaena affinis Lemm., 4, 12a.

A. circinalis Rab., 5, 10, 18.

A. flos-aquae (Lyngb.) Breb., 13.

A. Lemmermanni P. Richter, 12a. 15, 16d, 18.

A. limnetica G. M. Smith, 13.

A. spiroides Klebahn, 18a.

A. spiroides var. crassa Lemm., 5, 13.

A. variabilis Kuetz., 12.
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A. sp., 9, 11a, 14b, 16b, 17a.

Aphanizomenon flos-aquae (L.) Ralfs, 18b.
Cylindrospermum minutissimum Collins, 8.

Nodularia Harveyana (Thw.) Thur., 13, 16.

3. Stigonemataceae
Hapalosiphon hibernicus W. & G. S. West, 17a.

H. pumilus (Kuetz.) Kirchn., 8.

4. Rivulariaceae
Gleotrichia echinulata (J. E. Smith) Richter, 14b, 18a.

Division

—

Chlorophyta Class

—

Chlorophyceae
Order

—

Volvocales
1. Volvocaceae

Eudorina elegans Ehr., 2b, 12a, 14b, 16b.

Pandorina morum (Muell.) Bory, 12a, 14b, 16a.

Pleodorina californica Shaw, 18a.

Volvox aureus Ehr., 13.

V. globator L., 13, 14b, 18a.

V. mononae G. M. Smith, 5, 13.

Order

—

Tetrasporales

1. Palmellaceae
Gloecystis gigas (Kuetz.) Lag., lb, 2b, 14b.

Sphaerocystis Schroeteri Chod., 12a, 14b, 16d.

Order

—

Microsporales

1. Microsporaceae
Microspora pachyderma (Wille) Lag., 17a.

M. stagnorum (Kuetz.) Lag., 8, 9.

M. tumidula Hazen, 17.

M. Willeana Lag., 6, 8.

Order

—

Chaetophorales
1. Chaetophoraceae

Chaetophora elegans (Roth) Ag., 12.

2. Coleochaetaceae
Chaetosphaeridium globosum (Nordst.) Klebahn, lb, 17.

Order

—

Oedogoniales

1. Oedogoniaceae

Bulbochaete sp., lb, 8c, 10, 11a, 12c, 14b, 15, 16, 17c.

Oedogonium clavatum Hallas, 4.

O. suecicum Wittr., 17.

O. sp., lb, 2b, 5, 7, 8, 9, 12, 13, 14b, 16, 17, 18c.

Order

—

Chlorococcales

1. Hydrodictyaceae

Pediastrum araneosum var. rugulosum (G. S. West) G. M.
Smith, 8a, 10, 14b.

P. biradiatum Meyen, 5, 16a.

P. Boryanum (Turp.) Menegh., 4, 5, 7, 8, 10, 11, 12, 16.

P. Boryanum var. undulatum Wille, 2b.

P. duplex Meyen, 2b, 12a, 14b, 16b.
P. duplex var. coharens Bohlin, lb, 2b, 14b, 16b.

P. duplex var. gracillimum W. & G. S. West, 12a.

P. integrum Naeg., 6.

P. tetras (Ehr.) Ralfs, 8a, 14b, 17a.
Sorastrum spinulosum Naeg., 14b.
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2. Coelastraceae

Coelastrum cambricum Arch., 8c, 10, 11, 17a.

C. microporum Naeg., 11.

3. Oocystaceae

Ankistrodesmus falcatus (Corda) Ralfs, 8, 12, 17c.

A. falcatus var. mirabtlis (W. & G. S. West) G. S. West. 8. 12,

18a.

Dictyosphaerium Ehrenbergianum Naeg., 14b.

D. pulchellum Wood, 8a, 17a.

Dimorphococcus lunatus A. Braun, 16c.

Kirchneriella lunaris (Kirchn.) Moeb., 12a. 14b.

K. lunaris var. irregularis G. M. Smith, 12.

K. obesa (W. West) Schmidle, 10.

Nephrocytium Agardhianum Naeg., 14b.

Quadrigula Pfitzeri (Schroder) G. M. Smith, 12a.

Tetraedon caudatum (Corda) Hansg., 12a.

T. regulare var. longispinum (Reinsch) DeToni, lb, 14b.

4. Scenedesmaceae
Scenedesmus abundans (Kirchn.) Chod., 7a.

S. acutiformis Schroeder, 7.

S. arcuatus Lemm., 12a.

S. arcuatus var. platydisca G. M. Smith, 14b.

S. armatus (Chod.) G. M. Smith, 2b, 7, 14b.

S. bijuga (Turp.) Lag., 6, 7, 12, 14b, 17.

S. brasiliensis Bohlin, 2b.

S. dimorphus (Turp.) Kuetz., 11, 17a.

S. longus Meyen, 7, 8a.

S. obliquus (Turp.) Kuetz., 2b, 9.

S. quadricauda (Turp.) Breb., 2b, 4, 5, 7, 8, 10, 11, 16.

S. quadricauda var. quadrispina (Chod.) G. M. Smith, 10, 14b.

Order

—

Zygnematales
1. Zygnemataceae

Mougeotia sp. lb, 2b, 4, 8, 12, 15, 16. 18.

Spirogyra gracilis (Hass.) Kuetz., 9.

Zygnema sp., lb, 5, 12a.

2. Mesotaeniaceae

Spirotaenia condensata Breb., 8.

3. Desmidiaceae

Arthrodesmus subulatus Kuetz., 5.

A. triangularis Lag., 5, 17.

A. triangularis var. inflatus W. & G. S. West. 17a.

A. sp., lb.

Closterium acerosum (Shrank) Ehr., lb.

C. Cucumis Ehr., 4.

C. Dianae var. arcuatum (Breb.) Rab., 8.

C. didymotocum Corda, 17a.

C. intermedium Ralfs, 14b.

C. Kuetzingii Breb., 14b.

C. Leibleinii Kuetz., 2b, 9, 11.

C. lineatum Ehr., 14b.

C. Lunula (Muell.) Ralfs. 14b.

C. moniliferum (Bory) Ehr., lb, 2b, 5, 9, 12, 14b.
C. parvulum Naeg., 5.

C. Pritchardianum Arch, lb, 2b.

C. Ralfsii var. hybridum Rab., 8,
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C. striolatum Ehr., 8.

C. Ulna Focke, 8.

C. sp., 8a, 14b, 18a.

Cosmarium amoenum Breb., 8.

C bioculatum Breb., 17.

C. Blytii Wille, 14b.

C. circulare Reinsch, 14b.

C. contractum Kirchn., 16a, 17a.

C. contractum var. papillatum forma minor G. M. Smith, 11a,

16a.

C. denticulatum forma borgei Irenee-Marie, 14b.

C. depressum (Naeg.) Lund., 14b.

C. galeritum Nordst., 14b.

C. Hammeri Reinsch, 9.

C. margaritiferum Menegh., 16.

C. notabile Breb., 6, 9.

C. ovale Ralfs, 8a.

C. Portianum Arch., 14b.

C. pseudopyramidatum Lund., 8.

C. pyramidatum Breb., 8.

C. reniforme (Ralfs) Arch., 18a.

C. reniforme var. compressum Nordst., 6, 12,

C. subcostatum Nordst., 14b.

C. subcucumis Schmidle, 12.

C. taxichondrum Lund., 8.

C. tetraophthalmum Breb., 7.

C. tumidum Lund., 8.

C. undulatum var. crenulatum (Naeg.) Wittr., 17a.

C. undulatum var. minutum Wittr., 9.

C. sp. 14b, 16b.

Desmidium Aptogonum Breb., 14b.

D. Aptogonum var. acutius Nordst., 14b.

D. Baileyi (Ralfs) Nordst., 14b.

D. Swartzii Ag., 13, 16.

Docidium undulatum Bail., 8.

Euastrum affine Ralfs, 8a.

E. ansatum Ralfs, 17.

E. bidentatum Naeg., 8a.

E. crassum (Breb.) Kuetz., 8.

E. cuneatum Jenner., 8.

E. denticulatum (Kirchn.) Gay, 11.

E. Didelta (Turp.) Ralfs, 17.

E. insulare (Wittr.) Roy, 14b.

E. intermedium Cleve, 8.

E. pulchellum Breb., 8.

E. validum W. & G. S. West, 8a.

E. sp., 14b.

Gymnozyga moniliformis Ehr., 14b.

Hyalotheca mucosa (Dillw.) Ehr., 12a.

Micrasterjas Americana (Ehr.) Ralfs, 17a.

M. apiculata (Ehr.) Menegh., 8, 14b.

M. apiculata var. fimbriata forma spinosa (Bissett) W. &. G. S.

West, 14b.

M. denticulata Breb., 17c.

M. depauperata var. Kitchelii (Wolle) W. & G. S. West, 8a.

M. muricata (Bail.) Ralfs, 5, 8, 16.

M. radiata Hass., lb, 14b, 16.

M. truncata (Corda) Breb., 17.

Netrium digitus (Ehr.) Itz. & Rothc, 17a.

Onychonema laeve Nordst., lb.
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O. laeve var. latum W. &. G. S. West, 14b.

Penium Libellula (Focke) Nordst, 8a.

P. Navicula Breb., 8.

Pleurotaenium Ehrenbergii (Breb.) De Bary, 8, 14b.

P. nodosum (Bail.) Lund., 8.

P. Trabecula (Ehr.) Naeg., 7, 8.

Sphaerozosma granulatum Roy & Biss, 14b.

Spondylosium moniliforme Lund., 12a.

Staurastrum anatinum Cooke & Wills, 4.

S. arachne var. curvatum W. & G. S. West, 8.

S. Arctiscon (Ehr.) Lund., lb, 2b, 7, 14b, 16.

S. breviaculeatum G. M. Smith, 17.

S. cerastes Lund., 8.

S. curvatum W. West, lb.

S. cuspidatum Breb., 2b, 12a, 17a.

S. furcigerum Breb., 14b, 16.

S. gracile Ralfs, lb, 3, 4, 5, 11a, 12, 16, 18.

S. hexacerum (Ehr.) Wittr., 14b.

S. Johnsonii W. & G. S. West, 14b.

S. MEGACANTHUM Lund., 8.

S. muticum Breb., 14b.

S. paradoxum Meyen, 17a.

S. polymorphum Breb., 17.

S. setigerum Cleve, 14b.

S. teliferum Ralfs, 8a.

S. tetracerum (Kuetz.) Ralfs, 14b.

S. sp., lb, 8a, 12a, 14b, 16b.

Tetmemorus Brebissonii (Menegh.) Ralfs, 17.

T. laevis (Kuetz.) Ralfs, 8.

Xanthidium antilopaeum (Breb.) Kuetz., 14b.

X. antilopaeum var. polymazum Nordst., lb, 8, 14b, 16.

X. cristatum Breb., 8.

X. cristatum var. uncinatum Breb., 14b.

X. fasciculatum Ehr., 12a.

X. subhastiferum W. West, 14b.

Division

—

Chrysophyta. Class

—

Chrysophyceae
Order

—

Chrysomonadales
1. Synuraceae

Synura uvella Ehr., 2b, 14b, 16b.

2. Ochromonadaceae
Dinobryon bavaricum Imhof, 14b.

D. divergens Imhof, 11a, 14b, 16d.

D. sertularia Ehr., lb, 6, 14b.

Division

—

Pyrrhophyta. Class

—

Dinophyceae
Order

—

Peridiniales

1. Glenodiniaceae
Glenodinium sp., 14b, 17a.

2. Peridiniaceae
Peridinium sp., lb, 13.

3. Ceratiaceae
Ceratium hirundinella (O. F. Muell.) Dujardin, lb, 2b, 7, 11a, 12c,

13, 15, 16d, 17, 18c.

Summary
This study of plankton algae is based upon collections taken
from eighteen fresh water lakes from Whatcom County,
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Washington. The collections were made in 1929. 1949 and
1950.

2. A total of 220 species, 67 genera and 23 families was deter-

mined.
3. The genera with the largest representation are as follows:

Cosmarium, 26; Staurastrum, 19; Closterium, 16; Euastrum,
12; Scenedesmus, 12.

4. The families represented by the largest number of species

are the following: Desmidiaceae, 110; Chroococcaceae, 17;

Oscillatoriaceae, 12; Nostocaceae, 12; Scenedesmaceae, 12.

5. Terrell Lake had the most varied algal flora with 70 species,

Judson Lake was second with 58 species, and Willey's Lake
was third with 40 species.

6. The paucity of literature concerning the fresh water algae

of this area has prompted the writing of this paper. Since
little or no prior investigation had been conducted on these

particular lakes, the species herein reported represent for

the most part new records for this locality.
Cornell University,
Ithaca, New York.

Literature Cited

Mangum, A. W. and L. A. Hurst. 1909. Soil Survey of the Bellingham
Area, Washington. 39 pp. U.S.D.A. Bureau of Soils.

Muenscher, W. C. 1941. The Flora of Whatcom County, State of Wash-
ington. 134 pp. Published by the author. Ithaca, N.Y.

Prescott, G. M. 1951. Algae of the Western Great Lakes Area. 946 pp.
Bull. No. 31. Cranbrook Institute of Science, Bloomfield Hills,

Mich.
Schumacher, G. J. 1949. Plankton of Some Fresh-Water Lakes in

Northwestern Washington State. Unpublished thesis. Cornell
Univ., Ithaca, N.Y.

U.S. Dept. Agr. 1941. Climate and Man. Yearbook of Agriculture. 1248
pp. Government Printing Office, Washington, D.C.

A CYTOTAXONOMIC STUDY OF THE GENUS GERANIUM
IN THE WASATCH REGION OF IDAHO AND UTAH

Richard J. Shaw

Within the limits of the small but natural geographical area
known as the Wasatch region, the genus Geranium has been
given much needed intensive field study. The Wasatch region
forms the western front of the Rocky Mountain province and
extends 200 miles south from the great bend in the Bear River
at Soda Springs, Idaho, to the pass south of Mount Nebo and
east of Nephi. Utah (Fenneman, 1931) and includes twelve
counties within these two states. The collections and the field

studies of the species of Geranium found in this area, together
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with greenhouse studies, are the bases for the taxonomic treat-

ment given herein. In addition, cytological analysis of the
genus has also been made, with emphasis placed on chromo-
some numbers in order to show evidence for and possible origin

of polyploidy.

Literature

The first comprehensive monographic study of the North
American species of Geranium was published by Hanks and
Small (1907). This included sixty-four annual and perennial
species, thirty-one of which were native to Mexico. In 1912,

R. Knuth prepared a world-wide monograph in which the
treatment of North American species follows in part the pat-

tern of Hanks' and Small's earlier work. The annual species

were treated very briefly and incompletely by Fernald (1935)

.

Jones and Jones (1943) presented a taxonomic revision of the
perennial species of the United States and Canada in which
eighteen species were recognized.

The first cytological work was done in Europe by Tjebbes
(1928) when he published the chromosome numbers of two
species (G. pratense L., n=12 and G. sylvaticum L., n=12).
Gauger (1937) submitted a list of chromosome numbers of

twenty-three European species of the genus, six of which have
become established in North America as weedy annuals.

Material and Methods

Observations of chromosome numbers and behavior were
made from pollen mother cells and root tips. Root tips were
taken from germinating or potted plants grown from seed
or transplanted from the field. In one case the root tips were
grown from seeds of a herbarium specimen which was nineteen
years old, indicating extraordinary seed viability. Both anthers
and root tips were killed and fixed in a fresh solution of

absolute alcohol and glacial acetic acid (3:1) for twenty-four
hours and then smeared using iron-acetocarmine technique.
Most of the temporary mounts were made permanent. All
source material is on deposit at the Intermountain Herbarium,
Utah State Agricultural College, Logan, Utah, with the excep-
tion of one herbarium sheet which is at the Idaho State College
Herbarium, Pocatello, Idaho.

Field work was carried on for two summers, principally
in the many canyons which cross the Wasatch Mountains from
east to west. The specimens collected are in the Intermountain
Herbarium, Utah State Agricultural College, Logan, Utah.
Additional herbarium specimens from the following sources
were studied: Gray Herbarium, New York Botanical Garden,
Herbarium of Idaho State College, Herbarium of University
of Utah, and Intermountain Herbarium, Utah State Agricul-
tural College.
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All of the species of Geranium discussed in this study were
grown in the greenhouse during 1949 and part of 1950. The
main purpose of these greenhouse studies was to check the
consistency of various morphological characters which have
taxonomic significance. The information thus gained has been
included as supporting evidence in the following section.

Results

A detailed study of meiosis and of chromosome morphology
was difficult because of the extremely small anthers and chro-
mosomes. Meiotic divisions were not observed in the annual
species. In the perennial species, however, several meiotic
divisions were seen. Diakinesis was studied in both G. nervo-
sum and G. Richardsonii (pi. 6, figs. A, B) . The pairing of

chromosomes appeared normal and complete. The chiasmata
are mostly terminalized at this stage, and rod or ring shaped
bivalents were the only types observed. At metaphase the
bivalents appeared round in polar view and dumb-bell shaped
in side view. Later stages of meiosis were also seen, but showed
no irregularities.

Little variation in size of somatic chromosomes was noted
within a species. The centromeres were difficult to locate; how-
ever, most of them appeared to have a median position.

Table 1. Chromosome Numbers of Four Species of Geranium.

Chromosome

Figure Species number* Source of material

A G. nervosum n:=26 R. J. Shaw 68, Bear Lake
Co., Idaho. Anthers collected
in the field.

B G. Richardsonii 11:=26 R. J. Shaw 30, Wasatch Co.,

Utah. Anthers collected in
the field.

C G. carolinianum 2n== 52 R. J. Davis 2290, Idaho Co.,
Idaho. Grown from seed.

1 G. pusillum 2n:=26 R. J. Shaw 36, Cache Co.,

Utah. Grown from seed.

*In the chromosome counts the 2n number indicates that root tips

were examined and the n number indicates that meiosis was studied.
Only one plant from each collection was examined with the exception
of G. nervosum. Since the chromosome number of this species has not
previously been reported, additional determinations were made on
three other collections all from different counties of the Wasatch
region.

To separate G. nervosum and G. Richardsonii, the two
perennial species occurring in the Wasatch region, Jones and
Jones used the criteria of petal pilosity and color of the glandu-
lar pubescence on the pedicels; at the same time, however,
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the}' considered these spe-
cies to have similar range,
habitat, and habit. The
writer, after extensive
herbarium, field, and con-
trolled greenhouse studies,

has found petal pilosity to

be quite constant in G.
Richardsonii, but in G.
nervosum it is variable,

covering from one-fourth
to three-fourths of the
petal. The color of the
glandular hairs on the ped-

icels was also found to be extremely variable, ranging from
colorless to purple in both species depending upon locality.

Furthermore, there are definite habitat differences. Thus, while
the writer agrees with Jones and Jones as to the specific distinc-

tion of G. nervosum and G. Richardsonii, he feels that the
criteria advocated by them are insufficient to separate these
two entities.

After comparison of all specimens collected during this

study, as well as those obtained from other herbaria and those
plants grown under controlled conditions in the greenhouse,
the writer found that the following morphological characters
furnish adequate bases for specific differentiation between
G. nervosum and G. Richardsonii: color of petals, length of

mature stylar column (including carpels) , and length of seeds.

In addition, G. Richardsonii is generally found in moist shaded
areas especially along fast-moving streams, while G. nervosum
is a plant of more open xeric sites and is frequently associated
with Artemisia tridentata Nutt.

The chromosome numbers of three species listed by War-
burg (1938) do not agree with those here reported. Geranium
carolinianum was reported by Warburg as 2n=46 or 48. The
root tip smears made by the writer showed 52 to be the 2n
number (pi. 6, fig. C). Warburg and Gauger (1937) disagree
on the count of G. pusillum; the former listed 2n=34 and the
latter 2n=26. Mitotic counts made in this study agree with
Gauger's work (fig. 1). Warburg recorded the n number of

G. Richardsonii as follows: "n=28?", indicating he was uncer-
tain of his count. In both meiotic and mitotic divisions the
writer definitely found that n=26 (pi. 6, fig. B).

For his cytological studies Warburg used sections of root
tips and flower buds, whereas the writer used smears exclu-

sively. One explanation for the differences of chromosome
numbers is the possibility of two different chromosomal races

Discussion
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within one species or a variety being tetraploid and the rest

of the species being diploid. Only further research will clarify

these discrepancies.

On the basis of cytological data presented, certain sugges-
tions can be made regarding the nature of polyploidy within
this genus. From the figures of the meiotic divisions it can be
seen that there are no multivalents present and that pairing

is normal and complete (pi. 6. fig. A) . Furthermore, fertility

of all species is high. These facts suggest that at least the two
perennial species, G. nervosum and G. Richardsonii are tetra-

ploids and are probably the typical allopolyploid types de-

scribed by Stebbins (1947).

Taxonomy
Key to the Species

Plants annual; petals not more than 7 mm. long.
Fertile stamens 5; sepals awnless G. pusillum
Fertile stamens 10; sepals awned G. carolinianum

Plants perennial; petals more than 12 mm. long.
Mature stylar column 2-2.5 cm. long; petals usually white; seed

2-3 mm. long G. Richardsonii
Mature stylar column 3-3.5 cm. long; petals rose pink; seeds 3-4

mm. long G. nervosum

1. Geranium pusillum Burm. f. Sp. Geran. 27. 1759.

Annual; stems diffusely branched, decumbent or prostrate,

puberulent, 1-5 (2)
1 dm. long, base of branches swollen; basal

petioles of leaves 10-18 (13) cm. long, puberulent; blade 1-6

(4) cm. broad, orbicular-reniform, 7-9 parted, the division 3-5

toothed or lobed at apex; cauline leaves with short petioles,

blades with 3-7 deeply incised segments, otherwise similar to

lower leaves; stipules 1-2 mm. long, lanceolate, ciliate on mar-
gins; peduncles short, glandular pubescent, 2-flowered; pedicels

paired, 2-16 (6) mm. long, bending upward as fruit matures;
sepals elliptic to ovate, awnless, 2.5-5 mm. long, minutely
glandular pubescent, hispid on the margins; petals purple to

violet, about as long as sepals, notched, cuneate; 5 fertile sta-

mens; stylar column 7-9 mm. long, glandular puberulent; carpel

bodies 2 mm. long, strigose; seeds 1.5-1.8 mm. long, smooth.
Type locality. England and France.
Range. United States and southern Canada. A weed com-

mon in lawns and waste places. Naturalized from Europe.
Representative specimens. Utah. Cache County: North

Logan, Shaw 36; Logan, C. P. Smith 17669; Pelican Ponds,
J. Thieret 149.

2. Geranium carolinianum L. Sp. PL 682. 1753.

Annual; stems 1-3 rather stout and freely branched, erect,

2-4 (2.8) dm. high, closely short pubescent; petioles of basal
leaves 5-15 (9) cm. long, short pubescent; blades 3-7 (4) cm.

iThe number in parentheses indicates the mean measurement.
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broad, orbicular-reniform in outline, 5-7 palmately parted and
cleft into linear or oblong, obtuse lobes; cauline leaves with
varying petioles, 0.5-13 cm. long, blades 3-7 deeply parted, the
tips of the segments more acute than the lower leaves; stipules
5-10 cm. long, linear lanceolate; flowers and fruit in compact
clusters as a result of the very short peduncles; pedicels 3—15

mm. long, glandular-pubescent, straight at maturity; sepals 5-7

mm. long, ovate, 3-nerved with glandular-pubescence, hyaline,

ciliate margin; mucro 1-2 mm. long; petals as long as the sepals,

pale pink or whitish, oblanceolate; fertile stamens ten; mature
stylar column 12-20 mm. long with glandular hairs; stylodia

very short, 1 mm. or less; carpel bodies 3-3.5 mm. long, with
villous ascending hairs, black at maturity; seeds 2-2.5 mm.
long, oblong, reticulate.

Type locality. Carolina.

Range. Open places or fields throughout North America.

Representative specimens. Utah. Weber County: Fern Hol-
low, Ogden, Winona Cardon 313.

Geranium carolinianum has been confused with G. Bick-
nellii Britton, the latter having been included in the Wasatch
region by at least two authors. Inclusion of G. Bicknellii in the
flora might possibly have been based upon a collection from
Logan Canyon in 1910 (C. P. Smith 2164). The stage of the
plant's development makes it impossible to determine its true
identity.

3. Geranium Richardsonii Fisch. & Trautv. Ind. Sem. Hort.
Petrop. 4:37. 1837.

Perennial, the caudex often branched and covered with
brownish, withered, scale-like leaf bases and stipules; stems
solitary or few, erect, 30-90 (52) cm. tall, glabrous becoming
pubescent near the top; petioles of the basal leaves 5-20 (some-
times 30) cm. long, glabrous or glandular tipped hairs or pilose;

blades 3-17 cm. broad, pentagonal in outline, deeply 5-7 parted,
the rhombic segments divided several times, strigose on the
upper surface and on the prominent veins of the lower surface;
cauline leaves with short petioles, blades with 3-5 sharply
incised segments with tapering lobes, pubescence similar to

that on basal leaves; stipules lanceolate, attenuate, 6-12 mm.
long, ciliate on the margins; inflorescence cymose, the pedun-
cles 2-10 cm. long, glandular pilose, the glands being either

translucent or purple; pedicels slender, 1-3 (rarely 4) cm. long,

paired, becoming bent upward as fruit matures, copiously pu-
bescent with short viscid glandular-tipped trichomes; sepals
6-10 mm. long, lanceolate or narrowly oval, glandular-
pubescent especially near the base and veins, margins hyaline;
mucro 1-2 mm. long; petals 12-20 mm. long, broadly obovate,
entire, milk-white or sometimes pink tinted, usually with
purple or pink veins, generally pilose on the inside extending
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distally from the base for about one-half their length; filaments

yellowish green, particularly lower portion, sometimes pink
at the tip; mature stylar column 2-2.5 cm. long

:

glandular-
pubescent; stylodia 3-4.5 cm. long, yellowish green; carpel

bodies 2.5-4 cm. long., glandular-pubescent along the keel: seeds

reticulate, 2-3 mm. long,

Type locality. Valleys of the Rocky Mountains between lati-

tudes 52" N. and 34° N.

Range. Common throughout British Columbia, Saskatche-
wan and the western United States.

Representative specimens. Idaho. Bear Lake County: Emi-
gration Forest Camp. Emigration Canyon, Shaw 69: Franklin
County: Franklin Basin, Shaw 57, Utah. Cache County: Tony
Grove Lake, 8000 ft., Logan Canyon, Shaw 19: Weber County:
2 miles below junction of Monte Cristo Road and Logan Road.
7500 ft., Shaw 24; Salt Lake County: Brighton Camp area, 9500
ft., Shaw 25: Wasatch County: Joe Ruber's ranch. 3 miles
northeast of Midway, Shaw 30: Utah County: Mutual Dell,

American Fork Canyon, Shaw 43.

This species is found in a shad} moist habitat especially

alongside fast moving streams and rivers.

4. Geranium nervosum Rydb., Bull. Torrey Club, 28: 34

1901. G. strigosius St. John. Fl. Southeast. Wash, and Adj.
Idaho, 243. 1937 (published originally as G. strigosior),

Perennial with branched caudex; stems one to several,

erect, 30-115 (70) cm. tall, the lower internodes strigose to

densely retrorsely pubescent with whitish non-glandular hairs,

occasionally nearly glabrous; petioles of the basal leaves 10-55

cm. long, pubescent like the stem, rarely with glandular tri-

chomes; blades 5-22 cm. broad, with white appressed non-
glandular trichomes on both surfaces, especially along the
veins, usually pentagonal in outline, deeply 5 -7 parted, divi-

sions rhombic in outline with acute incised lobes; cauline
leaves smaller, petioles short and blades with deeper incised

segments; stipules linear lanceolate with an attenuated tip.

5-20 mm. long, densely puberulent and ciliate along lower
margins; inflorescence cymose: peduncles 0.5 -6 cm. long pilose,

occasionally interspersed with glandular hairs: pedicels 1-6 cm.
long, usually paired, sometimes 3 or 4, copiously pubescent with
short viscid glandular tipped trichomes. reflexed and bent
upward in fruit; sepals oval, 8-10 mm. long densely pubescent
with glandular trichomes, margins hyaline: mucro 1-2 mm.
long; petals 1.5-2.3 cm. long broadly obovate

;
obtuse, occa-

sionally slightly emarginate. light pink to rose purple with
dark purple veins, generally pilose on the inside, the hairs

extending distally from the base for one-fourth to three-fourths
the length of the petal; filaments purple on upper half; mature
stylar body 3 -4 cm. long, glandular-pubescent; stylodia 4-5 mm.



304 MADRONO [Vol. 11

long, usually purple; carpel body 5-6 mm. long, glandular-
pubescent particularly on the keel; seed reticulate, 3-4 cm. long.

Type locality. Fish Creek, Teton Forest Reserve, north-
western Wyoming.

Range. British Columbia and Alberta to Montana, Wyoming,
western South Dakota, Colorado, Utah, Nevada, and north-
eastern California.

Representative specimens. Idaho. Bear Lake County: Mink
Creek Canyon, 7500 ft., Shaw 68; Franklin County: Mink Creek
entrance to Cache National Forest, Shaw 67. Utah. Rich
County: 2 miles from summit of Logan Canyon, Bear Lake
side, 7000 ft., Shaw 55; Cache County: Tony Grove Summer
Camp, Logan Canyon, Shaw 46; Box Elder County: Willard
Basin Road, 6000 ft., Shaw 60; Weber County: Lookout Point,

1 mile from Monte Cristo Camp area, 9000 ft., Shaw 20; Salt

Lake County: junction of Silver Fork Road and main highway
to Brighton, Shaw 26; Utah County: 13 miles up Payson Can-
yon, Mount Nebo Scenic Loop, Shaw 74.

This species is found in open dry areas, especially on hill-

sides and canyon slopes. Frequently, it is associated with Ar-
temisia tridentata Nutt. This pink flowered perennial has been
confused with G. Fremontii Torr. ex Gray. According to Jones
and Jones (1943), however, G. Fremontii is restricted to the
southern Rocky Mountain Region and is a much smaller plant
than G. nervosum.

Utah State Agricultural College
Logan, Utah
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CHROMOSOME NUMBERS IN THE GENUS AMSINCKIA
Peter Kamb

The borage genus Amsinckia, particularly the group cen-

tered about A. intermedia Fisch. & Mey., is still a notable taxo-
nomic enigma. I. M. Johnston (1924) opined that "from its

exceptional and baffling complexity there seems little hope
that students can ever arrive at agreement regarding its treat-

ment." W. Suksdorf (1931) felt compelled to propose some
200 new specific names in the genus, when less than a dozen
had been recognized previously; many of the quantitative char-

acters he employed are, however, of doubtful significance.

Johnston (1935) has clarified the nomenclature of the genus
helpfully, but still describes the intermedia group as "variable
and bewildering" and "polymorphous."

It was hoped that cytological and genetic information would
better characterize natural groups and relationships in Am-
sinckia; accordingly, chromosome counts and a greenhouse pro-

gram of hybridization were undertaken. The cytological results

obtained to date are reported here (table I.) . With patience,

countable meiotic divisions can be had with aceto-carmine or

-orcein squashes of pollen mother cells; living buds or buds
previously fixed in Carnoy's chloroform-alcohol-acetic acid

mixture are satisfactory. Mother cells and chromosomes are

reasonably large. The stage of division best suited to counting
varies somewhat with different species; in those with higher
chromosome numbers, second metaphase, where the chromo-
somes are very contracted, seems to be the only feasible stage.

The principal difficulty is an inordinate tendency of the cyto-

plasm to stain and darken; this can be overcome by frequent,
repeated destaining with 45 per cent acetic acid after the initial

staining with acetocarmine.

There has been almost no investigation of the cytology of

this group heretofore. The only report known to the author
is that of Strey (1931) , who used root tip sections of two speci-

mens identified by him as A. intermedia and A. angustifolia

Lehm. He figured and described the diploid chromosome num-
ber of each of these as 32, and believed that a third specimen.
A. lycopsoides Lehm., also had 2n=32, but could not figure it.

Specimens in this last species and in A. intermedia are here
reported as n=15. One would note that in both of the figures

he provided, Strey indicated doubt as to whether certain places,

which he counted as two chromosomes, were not actually single

ones; the appearance of the figures is such that they might be
counted as 2n=30. The number n— 16 has not yet been found
by us in this group.

It would seem that no evident base number or simple arith-

metical scheme is common to the chromosome numbers found
thus far among the populations of Amsinckia studied. Though
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Species

Table I, Chromosome Counts in Amsinckia.

Locality
Chromosome Collection

numberNUMBER

n=12A. tessellata Gray

A. Douglasiana A, DC. n=12

A. spectabilis F„ &M. n=5

A. spectabilis F\ &M. n—

5

A. retrorsa Suksd. nr-3

A. retrorsa Suksd. n=8

A. lycopsoides Lehm. n=^15

A. intermedia F, & M. n~15

A. intermedia F, & n~19

A. Eastwoodae Macbr. n~12

A. inepta Macbr. n=18

Re id Moran Tehachapi Range,
Kern County,
Calif.

3373

Kamb K-l Grown from seed.
Kamb 1612: east
of Paso Robles,
San Luis Obispo
County, Calif.

Kamb K-87 Grown from seed,

V. Grant 7910: Pt.

Reyes, Marin
County, Calif.

C. R. Bell & Pt. Reyes, Marin
M, Birdsey County, Calif. (15

April 1951)

C. R. Bell Sierra foothills

955 east of Farming-
ton, San Joaquin
County, Calif.

Kamb 1707 Cache Creek, Co-
lusa County, Calif.

Kamb 1984 Near Stockton,
San Joaquin
County, Calif.

Kamb 1983 Near Stockton,
San Joaquin
County, Calif.

C. R. Bell Sierra foothills

954 east of Farming-
ton, San Joaquin
County, Calif.

C. R. Bell Sierra foothills

953 east of Farming-
ton, San Joaquin
County, Calif.

Kamb K-66 Grown from seed,
Reid Moran 3053:
San Martin Island,
Baja California,
Mexico.

all the more interesting on this account, the cytological investi-

gations seem mostly to have created problems rather than
solved them. They have shown, however, that populations and
species in Amsinckia may differ in a more fundamental way
than the description "polymorphic" would lead one to believe.
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The numbers n=12 in the A. tessellata group, n=5 in A. spec-
tabilis, and n=8 in A. retrorsa promise to be distinctive. An
intensive program of counts is anticipated in an attempt to

understand better the A. intermedia group.
Hybridization experiments have shown that, while it is not

possible to cross certain species, in other cases hybrids can
be obtained between plants of different chromosome number.
It is hoped that the cytological behavior of such hybrids, sev-

eral of which are being grown in the department greenhouse,
will shed light on the significance of the chromosome differ-

ences we have found.
The author wishes to express his appreciation to Dr. Her-

bert L. Mason, under whose direction this work was under-
taken.

Department of Botany
University of California, Berkeley
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REVIEWS
A Flora of Santa Barbara, an Annotated Catalogue of the

Native and Naturalized Plants of Santa Barbara, California,

and Vicinity. By Clifton F. Smith. 100 pp., 6 black and white
photographs. 1952. Santa Barbara Botanic Garden. $1.50.

Because of the unique situation of Santa Barbara on Cali-

fornia's somewhat nebulous Mason-Dixon line where northern
and southern California meet, this annotated list is of far more
interest than it might be solely on the bases of its relative

completeness, the broad range of habitats represented, and the
care with which the author has handled the binomials in the
systematic list. Furthermore, Santa Barbara has been a favored
collecting area for more than a century, and hence the source
of type material collected by Douglas, Nuttall, Gambel, Parry,
Brewer, Torrey, Rothrock, Plummer, Cooper, Yates, Elmer, and
many others. Their activities in this area are briefly chronicled
by Smith. No similar local flora is available for any other sec-

tion of this boundary area, although it is understood that

similar efforts are in progress for all or parts of San Luis Obispo
and Ventura counties.
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Mr. Smith's area lies for some twenty-five miles along the
coastal side of the east-west Santa Ynez Mountains, extending
from ocean to crest in an altitudinal range of nearly 4000 feet

within a distance of three to six miles. The vegetation consists

predominantly of chaparral, with woodland or woodland-
grassland in the canyons and on the upper part of the coastal

plain. In addition, there are such special habitats as sandy
beaches, salt marshes, vernal pools, cliffs, and deposits of dia-

tomaceous earth. There is a high content of introduced species

in the herbaceous vegetation at the lower altitudes.

From these diverse environments there has been painstak-
ingly assembled an imposing list of 1018 species (plus 148

varieties and forms)
,
comprising 626 indigenous species and

392 introduced; 173 cultivated escapes are additionally noted.

Each inclusion is supported by a cited collection or occasionally

by a reference to literature. Most of the collections are the
author's and are deposited in the Herbarium of the Santa Bar-
bara Botanic Garden.

The best-represented families appear to be Compositae (148

taxa), Gramineae (102), Leguminosae (67), Cruciferae (40),

and Scrophulariaceae (38) . Among the largest genera are

Bromus, Lotus, Lupinus, Trifolium, Solatium, Atriplex, Juncus,
Carex, and Gnaphalium;m several instances introduced species

contribute significantly to the number of species. The conspicu-

ous woody vegetation is represented by rather few genera and
species; only two gymnosperms, Pinus Coulteri and Pseudo-
tsuga macrocarpa, are listed.

From the artistic line-drawing of Platanus foliage and fruit

on the paper cover, through the handsome full-page photographs
of characteristic habitats to the useful gazetteer and the index,

this little volume is attractive and thoroughly admirable. Its

author is to be congratulated on his meticulously thorough
study, and the Santa Barbara Botanic Garden for recognizing
the merits of his work and presenting it in such a handsome
guise. Lincoln Constance, Department of Botany, University
of California, Berkeley.

Native Orchids of North America. By Donovan Stewart
Correll. xvi + 400 pages, 146 + 4 plates. 1950. Waltham, Massa-
chusetts: Chronica Botanica Co.; San Francisco: J. W. Stacey,
Inc. $7.50.

Orchids have always had a fascination for scientist and lay-

man alike. The amazing complexity of the flower forms tests

the skill of the most competent taxonomist, and their weird
beauty and difficulty of cultivation attract and challenge the
grower.

In this countrv orchid cultivation has confined itself, with
a few notable exceptions, to the exotic forms. Indeed, many
orchid growers are unaware of the native species. This is
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unfortunate and difficult to understand, for our native Cypri-
pediums (notably C. acaule and C. montanum) are very nearly
the most lovely of their group, far surpassing their tropical

relatives in delicacy of texture and coloration, and our native
Habenarias, Calopogons, and Spiranthes compare favorably
with their exotic relations.

Fifty years ago our native orchids received more attention
than they now do, and the orchid flora of the northeast was
then well known. In 1924 Professor Oakes Ames wrote a little

book for the American Orchid Society that was a compendium
of our knowledge of orchids in the United States at that time.

Unfortunately this has long been out of print and difficult to

obtain. Meanwhile the studies of many workers have increased
our knowledge tremendously.
We welcome, therefore, the recent appearance of "Native

Orchids of North America" by D. S. Correll. Long connected
with the Ames Orchid Herbarium at Harvard University, Dr.
Correll has observed and collected orchids throughout the
United States and is well equipped to prepare a monograph
of the native orchids. In addition, he has been fortunate in

having the collaboration of E. T. Wherry of the University
of Pennsylvania and J. V. Watkins of the University of Florida,

who have contributed cultural notes for the various species.

The book is essentially a monograph: synonymy is given for

each entity considered, and every species and many varieties

are fully illustrated from the pens of Mrs. Oakes Ames and
Mr. Gordon W. Dillon. Finally, a glossary of technical terms
and a full bibliography are appended.

The author has the happy facility of making even a techni-

cal description readable, and scattered here and there are
delightful paragraphs which carry one far afield for the
moment, to the wTooded slopes of the Canadian Rockies or the
grassy swamps of Florida. G. P. DeWolf, Jr., Department of

Botany, Tulane University, New Orleans, La.

Vegetation of the Sonoran Desert. By Forest Shreve. Car-
negie Institution of Washington Publication no. 591. Volume 1,

xii + 192 pp., 27 maps, 37 plates. 1951. Washington, D.C. ($3.25

(paper)
;
$3.75 (cloth)

.

In outlining his plan for study of the vegetation of the arid

regions of North America, Dr. Shreve said, "It is only through a

study of the plant communities and the dominant perennials
in relation to the conditions of climate and soil that the proc-

esses can be evaluated which have given the plant life of an
area its distinctive character." The present work is the culmi-
nation of these studies in the Sonoran Desert, a region of

biological unity comprising southwestern Arizona, extreme
southeastern California, and the major portion of Baja Cali-

fornia and Sonora, Mexico. For the most part, this area lies
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below an elevation of 3000 feet. The annual precipitation ranges
from well under five inches to about fifteen inches; its amount
and seasonal distribution being considered the most important
physical conditions limiting the boundaries of the area and in

determining the differences between its various subdivisions.

Through intensive study of the physiological and ecological

behavior of desert plants at the Carnegie Desert Laboratory
at Tucson, members of field expeditions into the Sonoran Desert
had intimate knowledge of many of the species encountered
and were unusually well prepared to make and interpret

observations in the field.

After delimiting and characterizing the four areas which
he considers as comprising the North American Desert—the

Chihuahuan, the Great Basin, the Mojave, and the Sonoran
deserts, Dr. Shreve takes up the Sonoran Desert on the basis

of its perennial vegetation, delimiting and discussing in detail

the seven vegetational subdivisions which he recognizes therein.

The ephemeral herbaceous vegetation is discussed apart from
the above in a separate chapter.

In the final chapter the distribution, habitat, and ecological

characteristics of twenty-six of the commonest plants of the
Sonoran Desert are discussed. Subsequent field work, however,
has served to extend the known ranges of several of these
species considerably beyond that shown on the distribution

maps. Such extensions are to be expected in so vast an area
where travel is often difficult. In Baja California, for instance,

Larrea tridentata is abundant on the low plain southwest of

La Paz; Pachycormus discolor extends inland to the Sierra
Giganta east of Comondu, where it is a large, erect tree; and
Viscainoa geniculata occurs on the Magdalena Plain.

Thirty-seven excellent photographs depict the characteristic

vegetation of the Sonoran Desert and a most useful detailed
index completes the volume.

It is fortunate for us that Dr. Shreve was able to complete
the manuscript before his death. We are indebted, also, to

Dr. Ira Wiggins for seeing it through the press. The volume will

stand as a fitting climax of a long career devoted to the study
of desert plants. Annetta M. Carter. Department of Botany.
University of California. Berkeley.
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INDEX TO VOLUME XI

For classified items see: Chromosome numbers, Reviews. New
scientific names are printed in bold face type. Un-annotated entities

in floral lists are omitted from Index.

Abutilastrum, 286
Abutilon: Anderssonianum, 285;
and Pseudabutilon in the Gala-
pagos Islands, 285; depaupera-
tum, 287; umbellatum, 285.

Amelanchier: alnifolia var. oreo-
phila, 144; oreophila, 144

Amphidium californicum, 210
Amsinckia: angustifolia, 305;
Chromosome numbers in the
genus, 305; Douglasiana, 306;
Eastwoodae, 306; inepta, 306; in-

termedia, 306; lycopsoides, 306;
retrorsa, 306; spectabilis, 306;

tessellata, 306
Anacolia Menziesii, 210
Andropogon: furcatus, 203; Ge-

netic variation in, 203; Gerardi,
203; Hallii, 203; scoparius, 203

Anthracnose disease of Umbellu-
laria californica, 162

Antitrichia curtipendula, 210
Aquatic plants in Ozette Lake,
Washington, 184

Aragallus argophyllus, 144
Arenaria capillaris var. ameri-

cana, 144
Artemisia: from Wyoming, A new.

145; pedatifida, 146; Porieri, 145
Aster pilosus, 161
Atrichum undulatum, 211
Atriplex: Barclayana, 154: cali-

fornica, 154
Aulacomnium androgynum, 210
Australia, Two new species of
Sorghum from, 6

Babcock, E. B., Youngia ameri-
cana, new species of phyletie
significance, 1

Bacopa: Eisenii, 208, fig. 207; from
California, A new, 206; Nobsi-
ana, 206, fig. 207; rotundifolia.
208

Bacterial leaf spot of Umbellula-
ria californica, 195

Baeriopsis guadalupensis, 159
Barneby, R. C, Review: Flora of
the Charleston Mountains. Clark
County, Nevada, 280

Bartramia pomiformis, 210
Bestia occidentalis. 210
Bidens Beckii. 185

Blepharostoma trichophylla, 209,
213

Blindia: acuta, 210; flexipes, 210
Brandegee, T. S., The Mexican

Itineraries of, 253
Bromus mollis, 159
Bryophytes of Chetco River Red-
wood State Park, Oregon, 209

California: A new Bacopa from,
206; Jeffrey pine in the South
Coast Ranges of, 283; Studies in
Streptanthus, A new complex
in, 221

Carex: brevipes, 278; diversisiylis,

277, A new species from Oregon.
277; novae-angliae, 278; Rossii,
278

Carter, A. M., Review: Vegetation
of the Sonoran Desert, 309

Castilleja guadalupensis, 159
Cave, M. S., Review: Plant Em-

bryology, 214
Cheiranthus: argillosus, 144; niva-

lis amoenus, 144
Chromosome numbers: Amsinckia
Douglasiana, 306, Eastwoodae.
306, inepta, 306, intermedia, 306,
lycopsoides, 306, retrorsa, 306,
spectabilis, 306, tessellata, 306:
Cosmanthus, 200, glabra, 200,
platycarpa, 199; Diplacus aridus,

47, calycinus, 47, Clevelandii, 47,

fasciculatus, 47, longiflorus x
Clevelandii, 47, puniceus, 47;
Draperia, 200; Dudleya guada-
lupensis, 157; Eschscholtzia
caespitosa, 142, californica, 142,
glyptosperma, 143, minutiflora.
142, Parishii, 142; Eutoca, 200:
Geranium carolinianum, 299,
nervosum, 299, pratense, 298.
pusillum, 299, Richardsonii, 299.

sylvaticum, 298; Hesperochiron
californicus, 200, pumilus, 200;
Liatris creditonensis, 15, ligu-

listylis, 11, 15, squarrosa var.
glabrata, 11, 15; Phacelia Dale-
siana, 199, glabra, 200, marce-
scens, 200, Quickii, 200

Claopodium: Bolanderi, 211; cris-

pifolium, 211; Whippleanum, 211
Claytonia foniana, 144
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Constance, L.: Howellanthus, A
new subgenus of Phacelia, 198;
Morton Eaton Peck, 22; Review:
A flora of Santa Barbara, an
annotated catalogue of the na-
tive and naturalized plants of
Santa Barbara, California and
vicinity, 307

Convallaria majalis, 162
Convolvulus macrostegius, 159
Copeland, H. F., Review: Families

of dicotyledons, 149
Coreopsis gigantea, 159
Cotula coronopifolia, 162
Crepis: nana, 2; pygmaea, 5

Cronquist, A.: A new Artemisia
from Wyoming, 145; A new Ha-
plopappus from New Mexico,
186

Crossosoma californicum, 159
Cryptanthe foliosa, 159
Cupressus: Abramsiana, 189, fig.

191, The third locality for, 189;
Goveniana, 190; pygmaea, 192;

Sargentii, 190
Cuscuta epithymum, 161

Davidson, J. F. & P. F. Romberg,
Genetic variation in Andropo-
gon, 203

Davis, R. J., Nomenclatural re-

combinations in Idaho plants,

143
Delphinium: Andersoni var. cog-
naium, 144; cognatum, 144; cu-
cullatum, 144; diversifolium
subsp. Harneyense, 144, var.
Harneyense, 144; occidentale
var. cucullalum, 144

Dendroalsia abietina, 210
DeWolf, Jr., G. P., Review: Native

Orchids of North America, 308
Dichelostemma pulchellum, 154
Dichodontium pellucidum, 210
Dicranum fuscescens, 210
Diplacus: arachnoideus, 80; aridus,

50, 63, figs. 38, 42, 46, 48, 64;

aridus X rutilus, 100, fig. 97;

aurantiacus, 50, 54, figs. 38, 42,

46, 55, 57, 59; aurantius, 58; aus-
tralis, 50, 58, figs. 38, 46, 61;

calycinus, 51, 73, figs. 38, 42, 75;

Clevelandii, 49, 51, figs. 38, 42,

45, 46, 48, 52, 92, X longiflorus,

108, fig. 48, X parviflorus, 108,

X puniceus, 108; distribution
map, 38, 39; fasciculatus, 50, 70,

172, figs. 38, 46, 67, 68, 69, 71,

X rutilus, 104; glutinosa, 58, var.

aurantiacus, 58, var. grandiflo-

rus, 70, fig. 66, var. latifolius, 58,
var. puniceus, 83, var. stellatus,

86; grandiflorus, 50, 65, 70, 73,
figs. 38, 46, 66, 67, 68, 69, X
rutilus, 106, 107, fig. 96; hybrids,
86-113; latifolius, 58; ieptan-
thus, 58, 70, 173, fig. 59; linearis,

60, 86; X linearis 50, 86, 87, fig.

88; lompocensis, 50, 62, fig. 38;
longiflorus, 51, 70, 76, figs. 38, 42,

46, 77, 92, X Clevelandii, 91,
figs. 48, 92, var. calycinus, 76,
var. grandiflorus, 70, var. line-

aris, 60, 62, var. rutilus, 84, fig.

85; parviflorus, 51, 80, figs. 38,

46, 79; puniceus, 51, 81, figs. 38,

42, 46, 82, x australis, 51; ru-
tilus, 37, 51, 83, figs. 38, 85; spe-
ciosus, 80; stellatus, 50, 86; Stud-
ies in the genus (Scrophularia-
ceae), 33

Draperia, 199
Dudleya: 160; caespitosa, 160; for-
mosa, 156; guadalupensis, 154,
pi. 155; linearis, 156

Ecuador, A new genus of Araceae
from, 146

Epiptergium Tozeri, 210
Eriogonum: acaule, 143; caespito-
sum var. acaule, 143; molle, 154

Erysimum: asperum var. perenne,
144; capitatum var. amoenum,
144, var. argillosum, 144, var.
perenne, 144; insulare, 154

Erythronium: grandiflorum var.
idahoense, 143; idahoense, 143

Eschscholtzia: A cytotaxonomic
approach to, 141; caespitosa, 142;
californica, 142; glyptosperma,
143; minutiflora, 141, var. Dar-
winensis, 141; Palmeri, 154; Pa-
rishii, 141

Euglypta, 199
Euphacelia, 199
Euphorbia misera, 157
Eurhynchium: oreganum, 210;

Stokesii, 211
Eutoca, 199
Exobasidiopsis viciae, 163

Fissidens: grandifrons, 210; lim-
batus, 210; pauperculus, 210; ru-
fulus, 210

Fragaria: bracteata, 144; vesca var.
bracteata, 144; virginiana var.
ovalis, 144

Fritillaria: from Oregon, A new,
137; adamantina, 140; Gentneri,
137, fig. 139; lanceolata, 140;



1952J INDEX 313

multiflora, 140; recurva, 137, fig.

139, var. coccinea, 140
Gaiser, L. O., Evidence for hybrid
nature of X Liatris creditonen-
sis, 10

Galapagos Islands, Notes on Abu-
tilon and Pseudabutilon. 285

Galvezia speciosa, 159
Garber, E. D. and L. A. Snyder,
Cytotaxonomic studies in the
genus Sorghum. Two new spe-
cies from Australia, 6

Genetic variation in Angropogon.
203

Geranium: A cytotaxonomic study
of the genus in the Wasatch Re-
gion of Idaho and Utah, 297;
Bicknellii, 302; carolinianum.
301, pi. facing p. 300, Fremontii.
304; nervosum, 303; pi. facing

p. 300; pusillum, 301, fig. 300:
Richardsonii, 302, pi. facing p.

300; strigosior, 303: strigosius,

303
Gilkey, H. M., A new Fritillaria

from Oregon, 137
Gloeosporium caulivorum, 163
Grimmia alpicola var. rivularis,

210
Guadalupe Island, Mexico, Notes

on the flora of, 153

Hansen, H. N., Review: Principles
of plant infection, 24

Haplopappus: acaulis, 186; from
New Mexico, A new, 186; micro-
cephalus, 186

Harvey, J. M.: An anthracnose
disease of Umbellularia Califor-

nia, 162; Bacterial leaf spot of
Umbellularia californica, 195

Hawkes, A. D., A new genus of
Ecuadorean Araceae, 146

Hemizonia Greeneana, 159
Hesperochiron, 199
Hesperodoria scopulorum, 187
Heterocladium heteropteroides.

211
Hoffman, F. W., Studies in Strep-

tanthus, A new complex of, in

California, 221
Holmgren, A. H. and B. Maguhe,
Botany of the Intermountain re-
gion, Lesquerella, 172

Howellanthus, A new subgenus of
Phacelia, 198

Hypnum: circinale, 211; subimpo-
nens, 211

Idaho: A cytotaxonomic study of

the genus Geranium in the Wa-

satch Region of Utah and, 297:

Plants of, Nomenclatural re-

combinations in, 143
Iris pseudacorus, 185
Isopterygium elegans, 211

Jeffrey Pine in the South Coast
Ranges of California, 283

Jenkins, J. A., Review: Maize in

the great herbals, 187
Jepsonia Parryi, 160

Kabatiella: caulivora, 164; micro-
sticta, 162; Phoradendri, 164.

pis. 165, 167, f. umbellulariae,
170, pis. 165, 167: polyspora,
166; ribis, 162, 163

Kamb, P. Chromosome numbers in
the genus Amsinckia, 305

Kearney, T. H., Notes on Malva-
ceae III. Abutilon and Pseuda-
butilon in the Galapagos Is-

lands, 285
Koch, L. F., Bryophytes of Chetco
River Redwood State Park, Ore-
gon, 209

Lactuca muralis, 162
Larrea divaricata, 42
Lathyrus: pauciflorus var. utahen-

sis, 144; utahensis, 144
Lavatera: assurgentiflora, 159; in-

sularis, 158, 159; Lindsayi, 158:

occidentals, 157
Lepidium perforatum, 161
Lepidozia reptans, 210
Lesquerella: Cusickii, 175, 179; di~

versifolia, 175; Douglasii, 175;
Forwoodii, 181; hemiphysaria.
179; Hitchcockii, 174, subsp.
confluens, 173, 174, subsp. Hitch-
cockii, 173, 174, subsp. rubicun-
dula, 173, 175; Kingii, 172, 176,

179, var. cordiformis, 183, var.
Kingii, 182, var. nevadensis, 182:
latifolia, 182; occidentalis, 175.

178, subsp. Cusickii, 179, var!
parviflora, 179, subsp. diversi-
folia, 179, var. cinerascens, 178.

subsp. occidenialis, 178; of the
Intermountain Region, 172, rubi-
cundula, 175; utahensis, 172

Leucolepis Menziesii, 210
Lewis, H. and R. Snow, A Cyto-
taxonomic approach to Esch-
scholtzia, 141

Liatris: creditonensis, 10, fig. 15,

pi. 13; Evidence for the hybrid
nature of, 10; ligulistylis, 10, fig.

15, pi. 13; squarrosa var. gla-
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brata, 10, fig. 15, pi. 13; Weaveri,
20

Lobelia Dortmanna, 185
Lomatium insulare, 159
Lophianthus, 263; calycinus, 269
Lophiocarpus, 263; calycinus, 269
Lophotocarpus: 263; californicus,

266, 269; calycinus, 264, 269;

fluitans, 268; in western North
America, The status of, 263

Lotus ornithopus, 157
Lupinus: argenteus var. Macounii,

144; Macounii, 144
Lycium californicum, 159

Lycopodium inundatum, 184

Madia valida, 257
Maguire, B. and A. H. Holmgren,
Botany of the Intermountain
Region, Lesquerella, 172

Mammillaria Blossfeldiana var.

Shurliana, 159

Marchantia polymorpha, 209

Mason, H. L.: A new Bacopa from
California, 206; Reviews: Anat-
omy of the dicotyledons, 29;

The status of Lophotocarpus in

Western North America, 263

McMillan, C, The third locality

for Cupressus Abramsiana Wolf,
189

McMinn, H. E., Studies in the

genus Diplacus (Scrophularia-
ceae), 33

Mesembryanthemum cry stall i-

num, 154

Metzgeria conjugata, 209

Mexico: Itineraries of T. S. Bran-
degee in, 253; Mr. Pince's pine
of, 270; Notes on the flora of

Guadalupe Island, 153

Michelia, 263
Mimulus: aurantiacus, 58, figs. 55,
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tusifolius, 161
Potentilla ovalis, 144
Protocoronospora: nigricans, 162;
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222; diversifolius, fig. 222; glan-
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222; polygaloides, 224, fig. 222:
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lationships in the Quercus du-
mosa complex, 234

Umbellularia: californica, 162, fig.

196; An anthracnose disease of.
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